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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A blood pump device which can carry out the implant to a patient in order to supply 
blood to a patient's circulatory system characterized by comprising the following. 

a. Pump housing which has a drive chamber. 

b. A base part combined with pump housing. 

c. A compressive blood chamber which has a flank which adjoins a base part and has an 
entrance and an exit which can be combined with the circulatory system, respectively. 

d. A movable plate which adjoins a base part of a blood chamber at a flank of an opposite 
hand, and e. The 1st end combined with a movable plate enabling free pivot motion 

[Claim 2]Drive mechanism is a. An eccentric shaft and b. By an end of an eccentric shaft, the 
2nd movable end of an arm, c. When it is made a motor stored in a drive chamber, it has the 
output shaft combined with an end which faces this motor of an eccentric shaft and an output 
shaft rotates an eccentric shaft, an arm carries out pivot motion and by that cause, A blood 
pump device of Claim 1 which contains further a motor by which a movable plate carries out 
pumping of the blood through the circulatory system. 

[Claim 3]A blood pump device of Claim 2 which the 2nd end of an arm contacts the 

circumference of an end of an eccentric shaft, and an eccentric shaft drives an arm in pumping 

distance, and does not restrain movement of an arm in a backward stroke. 

[Claim 4]A blood pump device of Claim 3 with which a roll bearing attached to an end of an 

eccentric shaft mediates the 2nd end and eccentric shaft of an arm, and an arm contacts a roll 

bearing. 

[Claim 5]A blood pump device of Claim 2 which contains further a reduction gear combined 
with the mid-position of an output shaft of a motor, and an end of an eccentric shaft. 
[Claim 6]A blood pump device of Claim 5 with which a reduction gear contains a planetary- 
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gear-type reduction gear. 

[Claim 7]A blood pump device of Claim 6 with which a planetary-gear-type reduction gear 
contains a reduction gear of 3 gear differential form. 

[Claim 8]A blood pump device of Claim 7 with which a planetary-gear-type reduction gear 
contains internal flywheel starter gear further. 

[Claim 9]A blood pump device of Claim 8 with which a planetary-gear-type reduction gear 
contains four planetary gears. 

[Claim 10]A blood pump device of Claim 2 which attached an arm to a flat surface which 
intersects perpendicularly with axis of rotation of an eccentric shaft. 

[Claim 11]A blood pump device of Claim 1 which detects a position change of an arm and with 

which a position sensing device for [ of blood volume in a blood chamber and an eccentric 

shaft position ] determining at least any they are is arranged in a drive chamber. 

[Claim 12]A blood pump device of Claim 1 1 with which a position sensing device is allocated in 

the mid-position of an arm by adjoining each other in order to detect an angle variation of an 

arm. 

[Claim 13]A blood pump device of Claim 12 with which a position sensing device contains an 
eddy current sensor. 

[Claim 14]A blood pump device of Claim 1 which contains further a bellows member which 
prevents body fluid from invading into a drive chamber while the seal of the circumference of 
an end of a drive chamber and the 2nd end of an arm is carried out and pivot motion of an arm 
is permitted. 

[Claim 15]A blood pump device of Claim 12 with which the sealing seal of the bellows member 
is carried out. 

[Claim 16]A blood pump device of Claim 1 which includes further an electronic control object in 
which implant for being combined with drive mechanism on an operation, and controlling drive 
mechanism is free. 

[Claim 17]A blood pump device of Claim 1 which contains further an envelopment bag which 

makes it an envelopment bag which surrounds a blood pump device and has at least an 

opening of a blood chamber in which a seal for an entrance and an exit is free, and provides 

the surface which adapts itself to an organization and, in which an organization is made not to 

be involved in between movable parts of a blood pump device. 

[Claim 18]lt is a blood pump device of Claim 17 which can change freely so that an 

envelopment bag may not produce a pressure differential around an envelopment bag. 

[Claim 19]A blood pump device of Claim 1 which contains further a compressive blood 

chamber which has the inner surface which gave a surface pattern to which a compressive 

blood chamber is used and a manifestation of biological intima lining is urged. 

[Claim 20]A blood pump device which can carry out the implant to a patient in order to supply 
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blood to a patient's circulatory system characterized by comprising the following. 

a. Pump housing which has a driving portion and pump parts. 

b. A compressive blood chamber which makes it a compressive blood chamber allocated in 
pump parts, and has a freely connectable entrance and an exit respectively in the circulatory 
system. 

c. At least one movable plate positioned by adjoining at least one blood chamber side in order 
to compress a blood chamber to a blood pump device. 

d. The 1st end and omitted portion. 

[Claim 21]A blood pump device of Claim 20 which the 2nd end of an arm contacts the 
circumference of an end of an eccentric shaft, and an eccentric shaft drives said arm in 
pumping distance, and restrains movement of an arm in a backward stroke. 
[Claim 22]A blood pump device of Claim 21 which contains further a roll bearing attached to an 
end in contact with an arm of an eccentric shaft. 

[Claim 23]A blood pump device of Claim 20 which contains further a reduction gear combined 
with the mid-position of an output shaft of a motor, and an end of an eccentric shaft furnished 
with this output shaft. 

[Claim 24]A blood pump device of Claim 23 with which a reduction gear includes planetary- 
gear array constitution. 

[Claim 25]A blood pump device of Claim 24 with which a planetary-gear-type reduction gear 
contains a reduction gear of 3 gear differential form. 

[Claim 26]A blood pump device of Claim 25 with which a reduction gear contains inside 
flywheel starter gear further. 

[Claim 27]A blood pump device of Claim 26 with which a planetary-gear-type reduction gear 
contains four planetary gears. 

[Claim 28]A blood pump device of Claim 20 attached in a flat surface where axis of rotation of 
an eccentric shaft and an arm cross at right angles. 

[Claim 29]A blood pump device of Claim 20 which contains further a position sensing device 
allocated in a drive chamber in order to detect a position change of an arm and to determine at 
least blood volume in a blood chamber, and one side of an eccentric shaft position. 
[Claim 30]A blood pump device of Claim 29 which contains further a position sensing device 
which adjoins each other, is allocated in the mid-position of an arm, and detects an angle 
variation of an arm. 

[Claim 31]A blood pump device of Claim 30 with which a position sensing device contains an 
eddy current sensor. 

[Claim 32]A blood pump device of Claim 20 with which a lung moves with a movable plate on 
the occasion of blood pumping, and a part for capacity change of a blood pump device is 
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compensated by a lung by that cause when the implant of the blood pump device is carried out 
in the state of making at least some movable plates adjoining a part of lung. 
[Claim 33]A blood pump device of Claim 30 which contains further a bellows member which 
prevents body fluid from invading into a drive chamber while it is made a bellows member 
which carries out the seal of the circumference of an end of a drive chamber, and the 2nd end 
of an arm and pivot motion of an arm is permitted. 

[Claim 34]A blood pump device of Claim 33 with which the sealing seal of the bellows member 
is carried out. 

[Claim 35]A blood pump device of Claim 20 which includes further an electronic control object 
in which implant for being combined with drive mechanism on an operation, and controlling 
drive mechanism is free. 

[Claim 36]A blood pump device of Claim 20 which contains further an envelopment bag which 
makes it an envelopment bag which surrounds a blood pump device and has at least an 
opening of a blood chamber in which a seal for an entrance and an exit is free, and provides 
the surface which adapts itself to an organization and, in which an organization is made not to 
be involved in between movable parts of a blood pump device. 
[Claim 37]lt is a blood pump device of Claim 36 which can change freely so that an 
envelopment bag may not produce a pressure differential around this envelopment bag. 
[Claim 38]A blood pump device of Claim 20 which contains further a compressive blood 
chamber which has the inner surface which gave a surface pattern for using a compressive 
blood chamber and urging a manifestation of biological intima lining. 

[Claim 39] In order to supply blood to a patient's circulatory system, it is a blood pump device 
which can carry out the implant to a patient, and it is a. Pump housing which has a driving 
portion and pump parts, b. A compressive blood chamber which makes it a compressive blood 
chamber allocated in pump parts, and has a freely connectable entrance and an exit 
respectively in the circulatory system, c. At least one movable plate positioned by adjoining at 
least one blood chamber side in order to compress a blood chamber to a blood pump device, 
d. Make it at least one arm which has the 1st end and omitted portion, An arm by which said 
1st end is combined with a movable plate, enabling free pivot motion, and an omitted portion is 
combined with pump housing enabling free pivot motion, e. By making it drive mechanism 
which was stored in a drive chamber and combined with the 2nd end of an arm, and carrying 
out pivot motion of the arm a center [ said omitted portion ], Drive mechanism to which make a 
movable plate, a blood chamber is made to compress into, and pumping of the blood is carried 
out through the circulatory system, and f. The circumference of an end of a drive chamber and 
the 2nd end of an arm is used as a bellows member which carries out a seal, A bellows 
member which prevents body fluid from invading into a drive chamber while pivot motion of an 
arm is permitted, and an included blood pump device. 
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[Claim 40]A blood pump device of Claim 39 with which the sealing seal of the bellows member 
is carried out. 

[Claim 41]Drive mechanism is a. An eccentric shaft and b. By an end of an eccentric shaft, the 
2nd movable end of an arm, c. Make it a motor stored in a drive chamber, and it has the output 
shaft combined with a **** motor of an eccentric shaft, and a receiving end, A blood pump 
device of Claim 39 which contains further a motor by which an arm will carry out pivot motion if 
this output shaft rotates an eccentric shaft, and said movable plate carries out pumping of the 
blood through the circulatory system. 

[Claim 42]A blood pump device of Claim 41 which the 2nd end of an arm contacts the 
circumference of an end of an eccentric shaft, and an eccentric shaft drives an arm in pumping 
distance, and does not restrain movement of an arm in a backward stroke. 
[Claim 43]A blood pump device of Claim 42 which contains further a roll bearing which is 
attached to the mid-position of an end of an eccentric shaft, and the 2nd end of an arm, and 
contacts an arm. 

[Claim 44]A blood pump device of Claim 41 which contains further a reduction gear united in 
the middle with an end which faces an output shaft of a motor, and this output shaft of an 
eccentric shaft. 

[Claim 45]A blood pump device of Claim 44 with which a reduction gear includes planetary- 
gear array constitution. 

[Claim 46]A blood pump device of Claim 45 with which a planetary-gear-type reduction gear 
contains a reduction gear of 3 gear differential form. 

[Claim 47]A blood pump device of Claim 46 with which a reduction gear contains inside 
flywheel starter gear further. 

[Claim 48]A blood pump device of Claim 47 with which a planetary-gear-type reduction gear 
contains four planetary gears. 

[Claim 49]A blood pump device of Claim 41 attached in a flat surface where axis of rotation of 
an eccentric shaft and an arm cross at right angles. 

[Claim 50]A blood pump device of Claim 39 which contains further a position sensing device 
allocated in a drive chamber in order to detect a position change of an arm and to determine 
either [ at least ] blood volume in a blood chamber, or a position of an eccentric shaft. 
[Claim 51]A blood pump device of Claim 50 which contains further a position sensing device 
which adjoins each other, is allocated in the mid-position of an arm, and detects an angle 
variation of an arm. 

[Claim 52]A blood pump device of Claim 51 with which a position sensing device contains an 
eddy current sensor. 

[Claim 53]A blood pump device of Claim 39 which includes further an electronic control object 
in which implant for being combined with drive mechanism on an operation, and controlling 
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drive mechanism is free. 

[Claim 54]surrounding a blood pump device -- and a blood chamber -- even if small, it is made 
an envelopment bag which has an opening in which a seal for an entrance and an exit is free, 
and the surface which adapts itself to an organization is provided, and an organization is not 
involved in between movable parts of a blood pump device -- making -- a blood pump device of 
Claim 39 which contains an envelopment bag further. 

[Claim 55]lt is a blood pump device of Claim 54 which can change freely so that an 
envelopment bag may not produce a pressure differential around this envelopment bag. 
[Claim 56]A blood pump device of Claim 39 which contains further a compressive blood 
chamber which has the inner surface which gave a surface pattern for using a compressive 
blood chamber and urging a manifestation of biological intima lining. 

[Claim 57]A method characterized by comprising the following for supplying blood to a patient's 
circulatory system. 

a. A blood chamber. 

The implant of the blood pump device of a good change product which has at least one outer 
surface where it moves according to capacity change of this blood chamber is carried out to a 
patient, b. Said at least a part of at least one outer surface is made to adjoin a part of lung, it is 
positioned so that a lung can move with this outer surface, and flexibility for a variable capacity 
blood pump device is provided. 

[Claim 58]c. A position signal which displays a fullness situation of a blood chamber relative at 
least from a position sensing device linked to a blood pump device of a good change product 
and a situation of a relative sky is received, d. A method for supplying blood to the circulatory 
system of a patient of Claim 57 which includes further answering said position signal which 
displays a relative fullness situation of a blood chamber, and starting a pumping action. 
[Claim 59]A reference signal which indicates that it is in a situation where a situation of a blood 
chamber is preferred in order that a. blood chamber may start a pumping action is determined, 

b. Calculating a differential coefficient of the beginning of a position signal, and c. It detects 
that numerals of the first differential coefficient are negative, d. Answer detection of such 
negative numerals and compare a position signal with a reference signal, e. A method for 
supplying blood to the circulatory system of a patient of Claim 58 determined more without 
adjusting speed of a blood pump device of a good change product in proportion to a difference 
between a position signal and a reference signal, and making it equivalent [ a position signal ] 
to a reference signal on the whole. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Generally this invention relates to the detailed single-chamber blood 
pump device in which the perfect implant is possible about the blood pump device in which the 
implant is possible. 
[0002] 

[Description of the Prior Art]A seriously injured cardiac insufficiency condition, i.e., the 
condition to which it becomes impossible for the heart to send sufficient blood which the body 
needs, produces a remarkable fall and the immense health care cost of a living standard, and 
tens of thousands of person dead per year. In order [ this ] to cope with it sick, pharmacology 
and many biological intervention measures (those many are patents) like a device were 
devised, but cardiac insufficiency is main problems of public health as usual in spite of such 
efforts. 

[0003]Cardiac insufficiency is judged because the amount of heart blood **** or the cardiac 
index is unusually small. The amount of heart blood **** (it is also hereafter called CO) is 
measured by the blood liter flow per per minute, and calculates the cardiac index (it is also 
hereafter called CI) as a value which **(ed) the CO value with the patient's surface area of a 
body (it is also hereafter called BSA). Usually, CI values are 3.0-3.5 during the time of a rest in 
the daytime, or activity. By a male, by per minute 5.6-6.5 I. and a woman, since a CO value 
has little surface area of a body, it turns into values a little fewer than it. The CI value of 
seriously injured cardiac insufficiency is a case of 1 .5 to 2.0. In the case of a certain man's 
average cardiac insufficiency patient whose CO value is per minute 3.27 and whose surface 

2 

area of a body is 1.87m , the blood volume to which the heart rate (it is also hereafter called 
BPM) of 1 .75 and per minute is sent out for a CI value with 80 or 1 beat is an average of 41 ml. 
This average heartbeat blood volume is conspicuous when CI contrasts with 76 ml whose 3.25 



://www4ipdl.inpit.go.jp/cgi-bin/tran web cgi ejje?atw u=http%3A%2F%2Fwww4.ip... 7/19/2010 



JP,11-285529,A [DETAILED DESCRIPTION] 



Page 2 of 20 



and BPM(s) are the average heartbeat blood volume of the usual male of 80, and there is. 
[ little ] 

[0004]There are an inlet valve (mitral valve) and an outlet valve (aortic valve) in the main- 
process-pump room or left ventricle (it is also hereafter called LV) of the heart. Since an inlet 
valve is closed while the left ventricle contracts, blood is extruded through an outlet valve and 
goes into a main artery. Diastolic blood pressure of the left ventricle Although it is 2 - 20mmHg 
(it is also hereafter called preload), while having caused cardiac insufficiency, it becomes a 
value with this higher range. Typically, the left ventricle must resist the aortic pressure which is 
70 - 140mmHg (it is also hereafter called an after load), and must discharge blood at the 
contraction stage. If an after load falls by cardiac insufficiency, heartbeat blood volume 
increases automatically. This is the Reason a cardiac insufficiency patient is saved with after 
load fall medicine like ACE depressant. 

[0005]There are some which use an opposite pulsation device (it is also hereafter called 
IABS), for example, an arterial pump, in the general approach which provides a mechanical 
circulation auxiliary. IABS provides the circulation auxiliary in after load fall form, and is 
typically used for short-term use (namely, several hours to day). The main benefit of such a 
device is brought about by making a systole release the left ventricle from load, and increasing 
the cardiac dilatation pressure for the reperfusion of a coronary artery and the other arteries of 
a diastole by that cause so that it may be indicated to US,4,733,652,B and 3,692,018, 
respectively. The patient who needs the treatment of this form is afflicted by the cardiogenic 
shock and the chronic angina, or the circulation support (Kormos1987 in 1988 besides Nanas) 
under operation is needed. IABA design shape arranges the bulky balloon drive unit which 
needs to be stored on the bed of a hospital to a patient's outside of the body. 
The use is limited only to an acute use. 

[0006]The porch type auxiliary ventricle which has the mechanical means or pneumatic 
pressure means for carrying out pumping of the stored blood is indicated to US, 3,553, 736, B 
and 4,034,742, respectively. Many of both such the auxiliary ventricles have a single access 
port which provides the entrance and exit for a blood flow. There is a disadvantage that 
stagnation of a relative flow increases the danger of clot-of-blood formation or the 
thromboembolism in such design shape. Parallel connection of the auxiliary ventricle of others 
which have each port of an entrance and an exit both can be carried out to an artery. It may 
have the valve which meant that the thing of such design shape maximized pumping efficiency 
(US,4,195,623,B and 4,245,622). 

[0007]"a dynamical artery patch" indicated to US,4,630,596,B and 4,051,840 is what is 
everlastingly attached to an artery -- opposite pulsation -- it has the design shape which 
provides legal cardioassist. Since this device means long-term use, in order to incorporate this, 
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it needs to cut a patient's thorax open. Like IABP, this device unit is arranged to a patient's 
outside of the body, and a patch expands by pneumatic pressure through an endermic access 
port. Unlike IABP, according to this dynamical artery patch, assistance by larger capacity than 
40 ml can be created. There are there being a possibility of receiving the long-term infection by 
a lasting endermic access port, and a possibility that implant surgical operation time may 
become long in this system. A patch has oblong physical shape shape, the blood side of a 
chamber comprises a flexible balloon, it pierces through the rigid lining of a chamber, and the 
distraction of the pneumatic line (it is also hereafter called a hose) for expanding and shrinking 
a balloon is carried out. The circumference of the rigid lining of a chamber serves as a flange 
which provides the edge for suturing a patch to an arterial wall. It is endermically run through 
with a hose by the skin surface through the skin port designed specially. Expansion and 
contraction of the balloon under operation are performed using the exterior air pump combined 
with the dynamical artery patch in an artery. When not carrying out a pulse drive when a 
balloon does not carry out a pulse drive or, the safety of a pump is guaranteed by making a 
blood flow release an artery. In a standby mode, a chamber is shrunk for the inside of a 
balloon as atmospheric pressure power lower than arterial pressure. 
[0008]ln US,4,938,766,B, adding a flexibility chamber to an arterial system is indicated. If an 
artery hardens, the flexibility of a pipe will fall, and there is a possibility that the after load 
added to the heart may increase. By adding a flexibility chamber, the influence of 
arteriosclerosis retreats a little and the burden of the heart decreases. According to 
US, 4, 938,766, B, such a device is used in order to support the left ventricle generally. Some 
shape of a flexibility chamber is indicated and various implanting method is also taught. This 
device may be classified as each machinery clip of the single-port chamber type attached to an 
artery, a dual port flow through chamber type, and a spring load type. A valve may be 
contained in the entrance side of a flexibility chamber in the thing of design shape with flow 
through composition. This valve is for preventing a back run and making blood discharge 
preferentially from a flexibility chamber towards a more desirable position. 
[0009]That by which pumping in a diastole is directly referred to typically with a ventricular 
assist system (it is also hereafter called VAD) carries out. VAD which has flow through 
composition and carries out direct conversion of the electrical energy to mechanical energy is 
the most suitable as conventional technology indicated on these Descriptions. The device 
which compresses a toroid flow lead pipe into US,4,091,471,B mechanically by extracting an 
inside diameter, and extrudes the compressed lead pipe outside keeping an outer diameter 
from expanding is indicated. Prevention from expansion of an outer diameter is realized by 
pressurizing the center portion to which the seal of the toroid center position was carried out. In 
US,4, 250,872, B, the pumping chamber of the flow through composition curtailed with the fluid 
for application of pressure is indicated. The pumping chamber of this United States patent 
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mainly controls compression of a pumping chamber based on change of the thickness of a 
pumping-chamber wall. In US, 5,089, 016, B, the device of the toroid design shape of the flow 
through composition which compresses a toroid-shaped pumping chamber using a fluid 
pressure pumping fluid is indicated. This device may have a valve in each position of the 
entrance of a pumping chamber, and an exit. Blood pumping is attained by being compressed 
from all the circumferencial directions in itself [ pumping-chamber ]. However, in order to 
minimize the wall stress in a pumping chamber, it is preferred by reinforcing the opposite hand 
of a wall that a pumping chamber is extracted towards one direction. 
[0010]The implant is carried out to document (Ann Thracic Surg, 59:S46-S51-1995) which 
document (Curculation, 89:2980-2914-1994) which Frazier others published, and McCarthy 
others published into an upper left part abdominal wall, respectively, The blood pump device 
which has a circular pumping chamber of the diaphram drive type which heartbeat blood 
volume is 83 ml and is obtained is indicated. This circular pumping chamber receives the blood 
from the lead pipe which ran through with the crowning of the left ventricle. Diaphram or a drive 
film may be driven with pneumatic pressure or the electric motor which drives a single rotation 
roll cam mechanism. The pumping chamber is circular and, in any case, a drive line is run 
through with it by the skin. Since the non-blood side of diaphram is aerated by the atmosphere 
via a skin port, it can be appropriately filled up with a pumping chamber. In the blood pump 
device indicated to US,5,569,156,B, diaphram has the non-blood side in contact with the 
hydraulic fluid by which active pumping should be carried out to another capacity chamber (it is 
also hereafter called VDC) during pumping-chamber restoration. This blood pump device also 
has each port of an entrance and an exit which intersects perpendicularly with the drive film of 
a blood pump device. 

[001 1]The separate flexibility chamber which is arranged in a pleural cavity and is [ non-blood 
contact side of the diaphram of a blood chamber ] open for free passage by an airtight pipe 
means in document (ASAIO Transactions, 35:402-404-1989) besides Ramasamy and by 
which gas charging was carried out is illustrated. In this flexibility chamber, in order to carry out 
facilitating of the gas charging, it is necessary to carry out facilitating of the blood inflow for the 
non-blood contact side of diaphram as a pressure near atmospheric pressure or atmospheric 
pressure. The artificial VDA pumping chamber accompanied by related electronic parts or 
drive mechanism is not still miniaturized fully, in order to carry out the implant thoroughly. 
Various leads must be rather inserted in the skin and a pumping chamber must be connected 
with an external drive mechanism. In order to be able to fill up a pumping chamber with blood 
easily, it is necessary to reduce the pressure which opposes. Using the middle hydraulic fluid 
combined with the aeration and the capacity chamber which carried out the implant, or VDC to 
the separate flexibility chamber which filled up each above-mentioned document with the gas 
in the aeration to three means for realizing this failure of pressure, i.e., the atmospheric 



://www4ipdl.inpit.go.ip/cgi-bin/tran web cgi eiie?atw u=http%3A%2F%2Fwww4.ip... 7/19/2010 



JP,11-285529,A [DETAILED DESCRIPTION] 



Page 5 of 20 



pressure power which lets the skin pass, and the thorax is indicated. This pumping chamber 
receives the blood from a left-ventricle crowning, and the blood which won popularity is sent 
into the pumping chamber indicated in document besides Frazuer by the main artery across a 
channel parallel to the left ventricle, and it has a blood channel parallel to the left ventricle in 
this way. 
[0012] 

[Problem(s) to be Solved by the lnvention]Therefore, the issue which it is going to solve is 
fulfilling the demand over a blood pump device small enough which the implant's is thoroughly 
carried out with related electronic parts, and can avoid fear of the infection relevant to an 
endermic lead. Other issues which it is going to solve are providing the blood pump device 
which is a thing of which chamber gestalt of the separate chamber which connected with the 
pump using the part or gastight envelope of a pump, and should not need the 2nd chamber for 
that and flexibility. Furthermore it is going to solve, other SUBJECT is providing the blood 
pump device which drives a pump for the blood which received blood and won popularity, and 
returns blood as a much high-pressure thing rather than it in a distant main artery underfilling 
pressure low from a main artery base in contrast with a parallel joint passage at an ascending 
aorta. With the left ventricle, such a connection configuration may be referred to as it is "serial". 

[0013] 

[Means for Solving the Problem]A blood pump device according to this invention in which 
implant is possible may contain pump housing which has pump parts and a drive chamber 
which stores drive mechanism. Pump parts may be the plate members of flatness or the shape 
of a glass combinable with pump housing. Drive mechanism may contain an electric 
servomotor which has a stator, a rotor, and an output shaft. An output shaft is combinable with 
an eccentric shaft which may have a cam part, a pumping arm which a cam part may be a roll 
cam and has an end part which follows a cam can be provided -- an omitted portion of a 
pumping arm -- housing -- a pivot -- it can equip rotatably. a pivot -- an end of a pumping arm 
attached rotatably contacts a cam surface intermittently, and the surface of an end of a 
pumping arm acts as a cam follower. The other end of a pumping arm is combinable with a 
movable plate. A compressive blood chamber which combined an entrance and an exit with 
the circulatory system can be made to pinch between a glass shaped part and a movable 
plate. A valve for supporting that arterial blood passes a blood chamber only in one way 
certainly can be provided in an outlet position of a blood chamber. In this way, if a cam is 
rotated and a cam rotates, a pumping arm will carry out [ center of rotation /, i.e. a center / 
omitted portion / which was fixed /, ] the pivot rotation of the electric servomotor. A movable 
plate compresses and releases a blood chamber periodically by pivot motion of a pumping 
arm, and pumping of the blood is carried out through the circulatory system. It is preferred that 
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carry out the implant of the movable plate side of a blood pump device to a position which 
adjoins a lung, and a movable plate moves, blood faces that pumping is carried out and a lung 
moves with this movable plate. Therefore, a lung can be used as a flexibility chamber for a 
blood pump device. After all, the necessity of providing a flexibility chamber independently is 
lost. It is preferred to combine a reduction gear between an electric servomotor and an 
eccentric shaft. A reduction gear may have gear array constitution with four planetary gears. A 
metal bellows member for sealing seals can be provided in the circumference of an omitted 
portion of a drive chamber and a pumping arm. A bellows member prevents drive mechanism 
from carrying out the seal of the drive chamber in the circumference of an end of a pumping 
arm, and contacting body fluid by that cause. A bellows member carries out the sealing seal of 
the space, and it provides a means for transmitting movement of a driving assembly, without 
tearing such a sealing seal. 

[0014]Some blood pump devices can surround all with an envelopment bag made from 
Polymer Division preferably filled up with an isotonic salt water solution, and the parent 
organization surface which surround an organization can be made to provide. An envelopment 
bag prevents an organization also from being involved in a movable part of a blood pump 
device. A position sensing device for determining relative blood volume in a blood chamber 
can be positioned. Both relative blood volume in a blood chamber can serve as information 
which displays blood volume and cam positions in a blood chamber. Especially this information 
can be used in order to control motor speed and to optimize a pump operation, when blood 
discharge from a blood chamber should be started. The implant of the blood pump device may 
be carried out in various composition. A standard artificial blood vessel can be used for an 
entrance and an exit. Exit cannula is joined to a thorax ascending aorta, entrance cannula is 
joined at a thorax ascending aorta (in series), only one valve is provided in exit cannula, or it 
can join (in parallel) and an integral-type valve can be provided in each cannula of an entrance 
and an exit at a crowning of left ventricle (LV). 

[0015]The implant of the electronic control object which carried out the sealing seal for making 
some functions for controlling operation of a blood pump device provide can also be carried 
out. An ECG lead can be combined with the heart and an electronic control object can be 
made to supply a signal. Such a signal can be used instancy for ****** in order to control **- 
SHINGU. The same ECG lead is used, and if required, pacing of a patient's heart can also be 
carried out. Since many of cardiac insufficiency patients have the high danger of starting 
ventricular fibrillation (sudden cardiac death), they can also pull out electric ****** / ****** | ea <j 
from an electronic control object. Electrical energy to this electronic control object can be 
supplied via endermic energy and a data transmitting system (it is also hereafter called 
TEDTS). TEDTS can use a hypodermic (secondary) coil which carried out the encapsulation. 
A hypodermic coil is connected to an electronic control object after all. An external (primary) 
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coil which agrees with a hypodermic coil can be fixed to a patient's skin, energy can be 
transmitted to an electronic magnetism target at a secondary coil, and an electronic control 
object can be operated. It is also possible to use such a coil pair doubling object in order to 
send data in both directions between an electronic control object, and external detection and a 
program device. Such one system for sending electric power and data endermically is 
indicated to US,5,630,836,B. A battery of an electronic control object may be charged during 
the usual TEDTS operation. When external coiling of TEDTS was removed from a patient's 
skin, or that was not right and electric power of TEDTS declines, electric power required in 
order that a battery pack of an electronic control object may operate an in-plant system for 
several hours can be provided. 
[0016] 

[Embodiment of the lnvention]With reference to Drawings, the blood pump device 10 in which 
the perfect implant is possible to drawing 7 is illustrated by explaining this invention from 
drawing 1 , It is combined on operation with the component parts 200 relevant to a patient's 
circulatory system, for example, an electronic control object, (it is also hereafter called EC), the 
battery pack 210, and TEDTS220. the blood pump device 10 can carry out the implant to 
which a thorax on either side -- a parallel form -- or it is connectable with the circulatory system 
under series constitution. The right thorax implant composition for assisting drawing 1 and 
drawing 5 with the parallel form of another mode in the ventricle is illustrated. The left thorax 
implant composition for assisting drawing 4 with a parallel form in the ventricle is illustrated. 
Also in which thorax implant on either side, the implant of the blood pump device 1 0 can be 
carried out under the state where blood takes a channel from a left-ventricle crowning to an 
ascending aorta in the thorax of a human body (or animals other than a human body). The 
blood pump device 10 can be positioned so that a lung may push the operation side of this 
blood pump device a little. By arranging in this way, the blood pump device 10 becomes the 
thing of automatic flexibility which used lung tissue, and the necessity over a separate flexibility 
chamber is eliminated. A pumping function also relates to a target directly further with a blood 
flow lead pipe. 

[0017]The blood pump device 10 of arbitrary composition can be arranged inside a breast wall 
in the position of the almost same height as the heart, as shown in drawing 2 and drawing 3. 
The blood pump device's 1 0 pressure of the blood chamber 20 will show that the blood 
chamber 20 comes to be thin by the discharged blood volume. In this way, a lung will act as a 
flexibility chamber for the blood pump device 10. This brings about the clear profits which excel 
the blood pump device assembly from the former which needs the artificial chamber which 
carried out gas charging, in order to obtain flexibility. If time passes, by discharge, gas volume 
needs to be lost, and it needs to be periodically re-filled up with an artificial chamber after all, 
and it needs to maintain the capability. It is too large for including a blood pump device 
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assembly in a thorax in a system conventionally [ most ]. Such conventionally, in a system, 
blood pump device assemblies are completely different component parts, and if a flexibility 
chamber has space, the implant of it may be carried out even to somewhere else. Therefore, 
the airtight tubular terminal area for connecting a flexibility chamber to a blood pump device 
assembly is provided. The component parts by which the implant is carried out decrease, and 
there is also little space required for the implant much, and they can be managed with the 
blood pump device of automatic flexibility. Therefore, this invention is substantial much space 
efficiency-like [ assembly / from the former / which needs a flexibility chamber separately / 
blood pump device ]. 

[0018]Much profits can be obtained by obtaining flexibility using the lung space in the thorax. 
For example, since the pressure in lung space is very close to atmospheric pressure, the ideal 
situation for being filled up with a pumping chamber is provided, it is one of these and the 
necessity over a flexibility chamber is eliminated. It cannot be overemphasized that a direction 
with few parts for a human body which need to carry out the implant is good. The lung is 
extremely rich in flexibility, and on the whole, it can bear, without receiving or spoiling an 
adverse effect to a lung function also to some compression and expansion. Unlike an artificial 
flexibility chamber, the lung does not need to produce "leaking", therefore does not need to be 
periodically re-filled up with it. And the thorax protects a blood pump device. A blood pump 
device is the inside of a breast wall, and as shown in drawing 4 in the state of adjoining the 
heart and contacting a rib, it may be arranged. Interference with a lung function is a minimum 
grade, and occupation space is efficiently used by that a pumping chamber is flat on the whole. 

[0019]As shown in the blood pump device 10 at drawing 7 and drawing 8, it can also attach 
under series constitution at the circulatory system. The ventricular assist system from the 
former, i.e., VAD, is typically attached at the circulatory system under a parallel form as shown 
in drawing 1, drawing 5, and drawing 6, and an entrance conduit receives the blood from the 
left-ventricle crowning 2 in that case. In such array constitution, blood flows into a blood pump 
device from a ventricle pars basilaris ossis occipitalis. When it is supposed that the blood 
channel in the conventional VDA is parallel to the blood channel of the usual left ventricle, 
therefore the blood pump device of VAD breaks down, these parallel blood channels have a 
possibility of getting it blocked by a thrombus. In the case of series constitution, if a blood 
pump device breaks down, a blood channel will become longer than usual, but since blood 
continues being sent to a blood pump device, a thrombus becomes difficult to happen. 
Therefore, series constitution is safer as compared with a parallel form, even when a blood 
pump device breaks down. It replaces with the blood from the left ventricle being sent out from 
the crowning of the left ventricle in a parallel form, so that that may be right, Usually, since it is 
sent out to a target through an aortic valve, a possibility of getting a blood flow blocked within a 
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blood pump device at the time of blood pump device failure not only decreases, but the high 
danger of getting a blood flow blocked within the left ventricle decreases. Other strong points in 
the case of considering it as series constitution are that what is necessary is just to provide 
only one valve in the exit pipe of a blood pump device. By contrast, it is necessary to provide 
one each and a total of two valves to each lead pipe of an entrance and an exit in a parallel 
form, or [ providing such a valve in the inside of a long lead pipe ] -- or a part of connector 
assembly is used. Mechanical or, in any case, the valve of living thing replaceability is used. 
However, what is necessary is just to position only one valve in an exit pipe, since the original 
aortic valve of the heart can act as an inlet valve of a blood pump device in the blood pump 
device of series constitution. 

[0020]The conventional technique for attaching a lead pipe to the circulatory system is 
illustrated by drawing 12 from drawing 9. A lead pipe is connectable with a blood pump device 
by suturing using the quick connector which used the coupling frame of spool form or was 
manufactured beforehand. The coupling frame of spool form covers this coupling frame, and 
has the design shape which has the artificial blood vessel put firmly on coupling frame by a 
band or ligation. A quick connector has an end with which it agrees for combining a lead pipe 
with a blood pump device. The termination of the end of the blood pump device 10 and the end 
of the condom made from polyurethane is carried out in the position of these connecting parts 
irrespective of the form of the connecting part to be used. 

[0021]The implant technique in series constitution is illustrated by drawing 11 from drawing 9, 
and it is exposed for the connection with an inflow lead pipe of a thorax ascending aorta. While 
carrying out the pinch stop of the one segment of an arterial wall using a SATINSUKI (satinski) 
clamp, the usual artery flow is maintained without blocking. On the occasion of preparation 
incorporating an inflow lead pipe, the section in which the artery carried out the clamp stop is 
cut open for a long time. Subsequently, the end of an inflow lead pipe is sutured to the flank of 
an artery using surgical closure. The clamp of the approaching side is removed and air is 
extracted from an inflow lead pipe using the hypodermic needle. After carrying out air 
extraction, the clamp by the side of a distant place is removed. Thereby, the artery separation 
part or constriction part for sending the blood from the left ventricle in in-series through a blood 
pump device in an ascending artery at an arterial system is created. In order to connect the 
lead pipe of series constitution to an artery, junction between ends to a heart bypass can also 
be used. 

[0022]The implant technique in a parallel form is shown in drawing 14 from drawing 12 , and it 
is exposed for cannula inclusion of one segment of a thorax ascending aorta. The pinch stop of 
the one segment of an arterial wall is carried out using a single SATINSUKI (satinski) clamp, 
and on the other hand, the usual artery flow is maintained, without blocking. The section in 
which the artery carried out the clamp stop on the occasion of preparation incorporating 
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cannula is cut open for a long time, it ranks second and the end of cannula is sutured to the 
flank of an artery using surgical closure. The sutured cannula is used as an exit pipe of a blood 
pump device. Subsequently, cannula is built into a left-ventricle crowning and this cannula is 
connected to the entrance conduit of a blood pump device. Since the blood pump device 
combined by this parallel form has fear of air ****** by having an opening in the left-ventricle 
crowning, probably the heart bypass for the implant is required for it. 

[0023]The quick connector assembly 80 from the former is shown in drawing 15 and drawin g 
16. The entrance 24 or the exit 22 of the blood chamber 20 is combined with the actuator 
septum 84. The sleeve 88 for a lock can be attached to the actuator septum 84, and it can be 
considered as the fixed tip for the quick connecting part of the quick connector assembly 80. 
The artificial blood vessel 110 is joinable to the base material ring 86. The base material colors 
92 surround the base material ring 86, and it may have the two pins 90 for a lock of one. The 
compression spring 94 can be formed between the base material ring 86 and the base material 
color 92. The compression spring 94 is compressed between the base material ring 86 and the 
base material color 92, and is held by the pin 90 for a lock at an appropriate position. The pin 
90 for a lock is slidable in the inside of the long hole 98 in the base material ring 86. The O-ring 
82 can also be arranged between the base material ring 86 and the base material color 92. 
The O-ring 82 is held with the base material color 92 at an appropriate position. Another O-ring 
82 can be arranged between the base material color 92 and the sleeve 88 for a lock. Thus, the 
seal of the quick connector assembly 80 may be carried out to body fluid. The actuator septum 
84, the entrance conduit 24 or the exit pipe 22, the O-ring 82, and the sleeve 88 for a lock are 
contained in the actuator side edge part of the quick connector assembly 80. The blood flow 
lead pipe 110, i.e., an artificial blood vessel, the pin 90 for a lock, the base material color 92, 
the compression spring 94, and the O-ring 82 are contained in the lead pipe side edge part of 
the quick connector assembly 80. On the occasion of an assembly, a lead pipe side edge part 
and an actuator side edge part are brought near, and it lets the pin 90 for a lock pass to the 
long hole 1 00 of the sleeve 88 for a lock. Subsequently, each end is advanced, the base 
material color 92 is rotated clockwise, and the pin 90 for a lock is moved along the passage of 
the long hole 100 of the sleeve 88 for a lock. If connection is completed, the seal of the inside 
will be carried out from a human body, and, as it thinks best, a quick connector assembly will 
be held by the O-ring 82 with the pin 90 for a lock, and the compression spring 94. Please 
understand that the quick connector assembly in another mode can be used. It is important 
that a delicate circular connecting part can be sutured surgically, without receiving the physical 
interference by a pump existing by using a quick connector assembly. The surgeon can 
continue at the suture which connects a lead pipe with the circulatory system, and can carry a 
pump quickly using a quick connector assembly. 

[0024]The blood chamber 20 is producible from polyurethane of the medicine grade which has 
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elasticity compressibility and living thing stability, for example, polyurethane of form which is 
indicated to US, 5, 133, 742, B. An one surface pattern may be given so that the organization 
chart side which extends in the inside for the inner surface in contact with the blood of the 
blood chamber 20 to form a biological blood contact surface may be provided. A surface 
pattern may consist of the staple fiber by which orientation was carried out by intersecting 
perpendicularly with the surface of the blood chamber 20. Such a surface pattern may be 
indicated to US, 751, 839, B. The surface encaustic attachment by textiles can promote the 
manifestation of biological intima lining. As for intima lining, it is preferred to carry out the 
distraction of the blood chamber 20 and the artificial blood vessel 1 10 whole without a stitch. 
The artificial blood vessel made from Dacron (brand name) is also because the organization 
which extends inside is made to reveal preferably and the biological surface may be produced 
inside an artificial blood vessel by that cause. As the blood chamber 20, on the whole, has flow 
through type design shape and a vortex or a flow stagnation zone is minimized, change of a 
cross-section area may be the minimum. 

[0025]lt may be formed by any of each in-series or parallel circulation combining form type it 
chooses again they are by whether the blood chamber 20 positions the blood pump device 10 
to which [ of the thorax ] side by having rhombus shape substantially in itself with various 
composition. For example, some different composition is illustrated by drawing 19 from 
drawing 17. The composition for connecting a blood chamber with thorax right-hand side in 
parallel form is illustrated by drawing 17. In the steel things connected with thorax left-hand 
side in parallel, a blood chamber makes what is shown in drawing 17 , and a mirror image. In 
order to carry out a series connection to thorax right-hand side, the blood chamber 20 can 
become a thing of composition of positioning substantially [ mutual ] an entrance and an exit as 
shown in drawing 19 in an opposite hand. However, the blood chamber 20 may be formed in 
non-flow through type "blind porch" composition which is illustrated to drawing 18 in another 
mode which carried out the series connection to thorax right-hand side. Irrespective of specific 
composition, the material composition of the blood chamber 20 is the same, and is acquired. 
That and the blood chamber 20 may be produced from polyurethane of the medicine grade 
referred to previously with which composition. 

[0026]The blood pump device which follows this invention with reference to drawing 26 from 
drawing 20 is shown, and the pump housing 13 has the glass-like portion 15, the drive 
chamber 18, the blood chamber 20, and drive mechanism. The pumping arm 33 and the 
movable plate 28 are contained in drive mechanism. As for the pump housing 13, the pumping 
arm 33, and the movable plate 28, it is preferred to constitute all from titanium. A blood 
chamber can be positioned in the glass-like portion 15 of the pump housing 13. The glass-like 
portion 1 5 may have the opening 1 6 for the entrance 22 of the blood chamber 20, and the exit 
24. Although the glass-like portion 15 is shown in the shape of a glass by a diagram, a bottom 
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plate flat on the whole can also be used. Except for the movable plate 28 having surface area 
smaller desirable a little than the surface of the blood chamber 20 where this movable plate 28 
is pushed, it may have the blood chamber 20 and shape corresponding on the whole. It is 
preferred to face to carry out the implant of the blood pump device 10 to a patient, and to 
position so that at least some movable plates of the blood pump device 10 may adjoin at least 
a part of a patient's lung 5 and it may be positioned. In order that the movable plate 28 may 
carry out pumping of the blood by doing so, the lung 5 can be faced moving so that it may 
illustrate from drawing 2 to drawing 3 , and it can be moved now with the movable plate 28. 
After all, a changed part of the capacity of the blood pump device 10 is compensated with a 
lung acting as a flexibility chamber for this blood pump device 10. 

[0027]As for the edge of the movable plate 28, as shown in drawing 21 and drawing 23 thru/or 
drawing 24, when the blood chamber 20 is compressed, in order to keep stress from 
concentrating on the edge position of the movable plate 28, it is preferred to have the 
curvilinear shape which separates from the blood chamber 20. The blood chamber 20 and the 
size shape of the movable plate 28 are faced the blood chamber 20 being pressurized and 
being compressed, and they can be optimized so that the bending stress and hoop tension 
which are produced into the flexible portion of the blood chamber 20 may become the 
minimum. The blood chamber 20 should be repeatedly deformable and it should be possible to 
return to the state before modification qualitative moreover in addition as a matter of fact. The 
bending stress can cope with it, when the blood chamber 20 chooses carefully the proper wall 
thickness which can be equal to total compression. As for the entrance 22 and the exit 24 of 
the blood chamber 20, it is preferred to position in the flat surface of the greatest projection 
part of the blood chamber 20. After all, the blood chamber 20 can become a thing of the 
thinnest outline. 

[0028]Theoretically, in order to optimize the blood chamber 20, the necessity of taking many 
complicated phenomena into consideration may arise. The deviated amount which the blood 
chamber 20 receives in the 1st first is large as shown in drawing 23 and drawing 24 , but it is 
being unable to explain this phenomenon by the principle of the simple intensity of material. It 
is because the ingredient of the action of the material showing big modification and deflection 
is omitted for simplification. It is the cause for which the point said that a "schoolbook" answer 
is a thing to easy shape and ingredient also causes complication to the specific three- 
dimensional shape of the predetermined blood chamber 20 being explained. Are the 
characteristic that Polymer Division used for the 2nd by this invention has the nonlinear 
relation between stress and a strain having, and to the 3rd. It is a point which the blood 
chamber 20 says that itself is a complicated contact phenomenon and the local deformation for 
bending around the edge of the movable plate 28 is a thing directly in connection with the 
shape of the movable plate 28, or the thickness of the blood chamber 20. One practical 
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method of evaluating the blood chamber 20 uses finite-element analysis, taking such a factor 
into consideration. In this solution, the ingredient which poses a problem is decomposed into a 
small and simple portion (element) all the time. Subsequently, each element is solved 
simultaneously, it faces formulating an element, and complexity is explained. To the problem 
mentioned above, a remarkable computer resource and computation time are needed. 
[0029]The blood chamber 20 of this invention receives simultaneously the strain which bends 
during operation of the blood pump device 10, and originates in a pressure. As stated 
previously, such bending is involved in the shape of the edge of the movable plate 28, and the 
thickness of the blood chamber 20. It is decided by length S p of the portion which also has a 

strain produced by blood pumping in the state of receiving not only the thickness of the blood 
chamber 20 but pressure load. In short, the pressure load added to the blood chamber 20 
becomes large, so that this length S p becomes long. If the blood chamber 20 is thickened, the 

amount of strains resulting from a pressure will decrease, but the amount of strains at the time 
of the blood chamber 20 bending around the movable plate 28 increases. In this way, bending 
and making each strain by a pressure balance is included in a design problem. Subsequently, 
it is necessary to determine blood chamber 20 shape of bringing about the best performance, 
by changing the edge shape of the movable plate 28, partial length S p of the blood chamber 

20, and the chamber width in length S p . 

[0030]Typically, the component parts made from Polymer Division have the design shape 
which maintains the predetermined strain level over the life of these component parts. 
Therefore, it may be necessary to get to know the maximum amount of strains permitted to a 
predetermined material and load frequency. According to the conventional research, it was 
shown that a maximum of 15% of strain may be permitted to 2 million cycles to the 
polyurethane used for this invention. After all, this strain level can be used as design allowable 
maximum stress deformation of the component parts made from polyurethane of this invention. 

[0031]With reference to drawing 25 and drawing 28, drive mechanism may contain preferably 
the servo motor 56 of an electric type connected with the reduction gear 70 for rotating the 
eccentric shaft 47. The eccentric shaft 47 drives the pumping arm 33 and the movable plate 
28, and can carry out pumping of the blood. The stator portion 58 and the rotor portion 60 are 
contained in the servo motor 56. ** arrival of the stator portion 58 is carried out to housing, and 
the rotor portion 60 may contain the output shaft 62 for rotating the eccentric shaft 47 and 
generating a pumping action, the servo motor 56 -- a power supply -- and -- or the electric 
power coupling 79 for connecting with EC200 can be formed. The servo motor 56 may have 
various sizes or aspect ratios. As for the servo motor 56, what can carry out continuous 
rotation by about 2,000 to 3,000 RPM is preferred. Sierracin/Magnedyne of California Carlsbad 
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can manufacture the servo motor 56, for example. The servo motor 56 carries out pumping of 
the blood at speed of per minute 1 20 beats, and, as for the cylinder capacity of a blood pump 
device, it is preferred that it is 60-80 ml. In addition, a blood pump device resists the pressure 
in the range of human being's arterial pressure power in the blood in cylinder capacity, and 
should move blood. In the case of a cardiac insufficiency patient, generally, such arterial 
pressure power ranges are about 160 mmHg(s) in the maximum. Such a standard can be used 
and the design of blood pump device 10 blood chamber 20, pumping arm 33, servo motor 56, 
and reduction gear 70 and other component parts can be optimized, the calorific value which 
silence-operates the servo motor 56 and the reduction gear 70, and may be received -- and it 
should be preferably designed also for the long operation life in the maintenance free situation 
for at least five years. 

[0032]As for the reduction gear 70, it is preferred to join together between the output shaft 62 
and the eccentric shaft 47. As for the reduction gear 70, it is preferred that it is a planetary- 
gear-type reduction gear which changes rotational movement of the servo motor 56 into the 
number of cycles between per minute about 80 and 120 as gear ratio best shown in drawing 
26 of 25: 1 . The speed of the servo motor 56 and the ratio of the reduction gear 70 can be 
chosen so that energy efficiency may be attained and the compactest drive mechanism may 
be provided. One rotation of the output shaft of the reduction gear 70 operates one process of 
blood pump devices 10, and this distance operation arises in the range which is per minute 
about 60 to 120 cycle. Although some planetary-gear type reduction gears which can carry out 
commercial acquisition are various, in order to reconcile minimization of size shape, and 
maximization of efficiency, it is preferred to use the thing of an order design. The planetary- 
gear type reduction gear 70 may be a thing of 3 gear differential (it is also hereafter called 
TGD) mold as shown in drawing 26. Although the gear type reduction gear of other forms can 
be used, TGD is preferred from especially small being energy efficiency-like. Inside flywheel 
starter gear may be contained in the reduction gear 70 of this form. It is known that inside 
flywheel starter gear have few slides at the time of engagement, and the contact ratio for 
transmitting load to a target more gradually is high. TGD is long-life, and more efficient than 
the reduction gear of other forms, and the load support capacity to a prescribed dimension is 
not only large, but it a low noise. Rather than a more general 4 gear differential type thing, 
there are few a gears, therefore they can miniaturize TGD. As for a planetary gear, it is 
preferred to use four pieces. A load passage will be 4 times by doing so, and it enables the 
number of planetary gears to miniaturize the whole shape all the time rather than fewer things. 
[0033]The output shaft of the reduction gear 70 is combinable with the eccentric shaft 47. The 
eccentric shaft 47 may have the input part 48 which attached the flywheel-starter-gear portion 
68 which may be driven with the reduction gear 70 so that it may be best shown in drawing 25. 
The pumping arm 33 contacts in the form where it rides on the circumference of an end of the 
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eccentric shaft 47. After all, although the eccentric shaft 47 drives the pumping arm 33 in a 

pumping process, the inside of the return process [ it fills up with the blood chamber 20 ] of a 

between carries out the free movement of the pumping arm 33, without being restrained. The 

cam which is the roll bearing 52 and is obtained is attached to the end of the eccentric shaft 

47, and the end of the pumping arm 33 follows for this cam. The center of rotation of the 

eccentric shaft 47 is shown as C . 

axis 

[0034]As for the pumping arm 33, it is preferred to carry out orientation into the flat surface 
which intersects perpendicularly with the axis of rotation of a servo motor and a reduction gear, 
the omitted portion of the pumping arm 33 -- a pivot -- the bearing 43 can be formed in the 
position of center-of-rotation C of the portion attached rotatably. It is preferred to use the 

arm 

sleeve made from Polymer Division which low abrasiveness does not illustrate by non- 
corrosiveness as a bearing for combining the pumping arm 33 with the movable plate 28. 
Materials desirable for this connecting part are PPS sleeve material and 316 stainless steel. 
The end of the side in contact with the cam surface of the pumping arm 33 operates as the 
cam follower 45. The pumping arm 33 is periodically rocked, as best shown in drawing 22 
focusing on the center-of-rotation C , and periodic pumping of the blood chamber 20 is 

arm 

attained as the cam 52 rotates on an eccentric shaft. The ratio of the distance from the center 
of rotation of the pumping arm 33 which carries out pivot motion to each end is expressed with 
drawing 21 as D 1 and D 2 , and determines possible lever ratio in the predetermined 

geometrical form of the pumping arm 33. As for distance D 1 from the center of rotation of the 

pumping arm 33 to the movable plate 28, what is larger than the distance to the surface of the 
cam 52 is preferred. The torque conditions for the eccentric shaft 47 can become the lever 
ratio of a pivot arm with what also has a quite big twist. However, by that cause, the hardware 
for energy conversion (a servo motor, a reduction gear, a cam) can be brought close to center- 
of-rotation C . of the eccentric shaft 47, and can be positioned now, and it enables much 
axis 

more miniaturization of drive mechanism. It is preferred to form the position sensing device 39 
in the position which adjoins the omitted portion of the pumping arm 33. The position sensing 
device 39 may be an eddy current sensor for detecting the position change of the pumping arm 
33, for example. The relative capacitor of the blood in the blood chamber 20 can be 
determined from the position change of the pumping arm 33, and the position of the eccentric 
shaft 47 or the cam 52 can be determined. 

[0035]The movable plate 28 may have the central joint point 29 which can serve as an 
installation part of the end 41 of the pumping arm 33. It can pierce through punching in a 
movable plate, and punching of the end 41 of the pumping arm 33, and the pin 30 can be 
arranged. Thereby, the pin 30 hinges the pumping arm 33 on the movable plate 28. As for the 
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pumping arm 33, it is preferred to rock the inside of the flat surface which intersects 
perpendicularly with the movable plate 28. By having hinged the pumping arm 33, orientation 
of the movable plate 28 may be carried out in the direction that the strain of the blood chamber 
20 may be minimized during process operation, in itself. As for center-of-rotation C of the 

arm 

pumping arm 33, providing in a drive chamber is preferred. 

[0036]Since the surface of the cam 52 contacts the pumping arm 33 intermittently, the period 
only until between the compression phases of cam rotation operates and blood is [ drive 
mechanism ] full of the blood chamber 20 even in such a case operates. In this way, the blood 
pump device 10 carries out pumping only of the blood with which the blood chamber 20 was 
filled up between the retreat phases of a cam surface. Thus, the movable plate 28 is separated 
from a servo motor, while the blood chamber 20 is full, and moreover, in addition, it moves up 
and down continuously, without carrying out pumping of the blood chamber 20. the case where 
pumping of the blood chamber 20 with which this is not filled thoroughly is carried out -- the 
film of the blood chamber 20 -- ** -- better or ******** occurs -- and -- or the pressure of the left 
ventricle is prevented from declining superfluously. 

[0037]The sealing seal of the center-of-rotation C of the pumping arm 33 and the drive 

arm 

chamber 18 can be covered and carried out, and the SHIRUBE rose 38 for keeping away body 
fluid from drive mechanism can be formed preferably. The end caps 36 and 37 can be 
established in which end of the SHIRUBE rose 38. The end cap 37 of front sides has the 
opening by which the seal was carried out to the circumference of the pumping arm 33, and 
the bellows portion 35 leads to the drive chamber 18 through this opening. As for the 
SHIRUBE rose 38, producing from titanium is preferred. The SHIRUBE rose 38 is an important 
characterizing portion from this enabling the component parts for energy conversion to have 
lubrication fluid of abiosis compatibility, and corrosive hard steel being shielded from the salt 
water (saline) environment of a human body. By forming the SHIRUBE rose 38, a possibility 
that a gear, a bearing, and a motor may corrode can decrease greatly. The corrosion of such 
parts may be generated when body fluid diffuses in the drive chamber 18. Although it seals the 
drive chamber 18, if the transfer to the movable plate 28 is possible for the SHIRUBE rose 38, 
in addition, it closes the mechanical energy of the servo motor 56. The bearing made from the 
hardened steel which operates about five years or more under protection lubricous 
environment, and a gear and other parts can be used now by the sealing seal of the motor 
drive assembly being carried out. It is desirable to use the parts made from hardened steel 
from the ability for it to be efficient and transmit the power energy inputted into an electric 
motor to blood work by the bearing made from hardened steel, or the rolling friction of another 
gear and motor driving section article. By approaching center-of-rotation C . , and 

3XIS 

positioning the hardware for energy conversion (a servo motor, a reduction gear, a cam), it 
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becomes possible to miniaturize the whole drive mechanism more, and it minimizes movement 
induced by the SHIRUBE rose. After all, the sealing seal of the drive mechanism can be 
carried out now more practical. 

[0038]By forming the envelopment bag 105 made from Polymer Division in the circumference 
of the blood pump device 10, as shown in drawing 2 and 3, it is preferred to provide the 
surface which adapts itself to the organization of the patient who surround the blood pump 
device 10. It is preferred that this envelopment bag 105 is surrounded with the pumping arm 33 
and the movable plate 28 at least, and an organization is made not to be involved in in the 
operating space of the pumping arm 33. elastic deformation is free for the envelopment bag 
105, it is boiled under a state which differential pressure does not produce the upper part and 
around the envelopment bag 105, and moves with the movable plate 28. The envelopment bag 
105 prevents and carries out growth of the organization towards in the field of this 
envelopment bag 105, and it prevents beforehand connection of the pumping arm 33 to such 
an organization. The blood pump device 10 whole can also be stored to envelopment bag 105 
inside, if required. 

[0039]Even if it is which parallel or in-series blood flow composition, the blood pump device 10 
can be operated without making it synchronize synchronizing with the heart 1. In synchronized 
operation, typically, the blood pump device 10 discharges blood, whenever the left ventricle 
contracts. The timing of blood discharge of the blood pump device 10 is controlled by detecting 
the degree (QRS) of electrical activity of the heart in case the left ventricle discharges blood 
(contraction). When this degree of electrical activity is detected, the blood pump device 10 can 
discharge blood after the time delay preset immediately. However, as for blood discharge of 
the blood pump device 10, it is preferred to be carried out after the left ventricle finishes blood 
discharge. In asynchronous operation, the blood pump device 10 often discharges blood 
regardless of QRS. the time delay back by which it was programmed for example, after QRS 
signal detection in alignment mode as for the blood pump device 10 -- or it contracts after the 
stimulative pacing pulse of the electronic control body which carried out the implant. In 
asynchronous mode, when, as for pumping, the position sensing device 39 detects that the 
blood chamber changed into the fullness state mostly, the electronic control body 200 may 
begin, for example. 

[0040]ln asynchronous mode, it is desirable to operate the servo motor 56 at a comparatively 
fixed speed, and to minimize the reaction force and power loss relevant to acceleration and 
deceleration of a gyrating mass. As for the speed of the servo motor 56, when the blood 
chamber 20 starts each blood elimination phase, it is ideal to adjust so that it may be mostly 
full. If revolving speed is too slow, the blood chamber 20 will expand before the start of a blood 
elimination phase, and will restrict the inflow of blood. This has a possibility of heightening the 
pressure of the left ventricle superfluously. On the contrary, when revolving speed is too quick, 



://www4ipdl.inpit.go.ip/cgi-bin/tran web cgi eiie?atw u=http%3A%2F%2Fwww4.ip... 7/19/2010 



JP,11-285529,A [DETAILED DESCRIPTION] 



Page 18 of 20 



there is too little blood volume discharged from the blood chamber 20, in order to flush the 
inner surface of the blood chamber 20 appropriately in each cycle. When revolving speed is 
too quick, the amount of power losses by friction or viscosity becomes large superfluously. 
[0041]lt is the blood chamber 20 at the start time of each elimination phase, and one means for 
carrying out optimum control of the motor speed so that it may be mostly full is illustrated by 
drawing 27 . The curve 100 expresses cycle movement of the cam of the output shaft of a 
reduction gear. In the position shown by the line 102, the cam 52 is drawn thoroughly and the 
pumping arm 33 is in free floating at the time of the peak filling position being filled up with the 
blood chamber 20. In the position of the line 103, 180 degrees rotates and the cam 52 
compresses the blood chamber 20 into the maximum via the pumping arm 33. The blood 
chamber 20 is freely full of the blood sent from the left ventricle between the blood inflow 
phases shown by the line 104. In the blood elimination phase shown by the line 105, the blood 
chamber 20 is compressed by the operation of a cam and the pumping arm 33, and the blood 
from the blood chamber 20 is sent out to an artery via a blowdown valve. The lines 106, 107, 
and 108 show the relative capacitor of the blood within the presumed output value 20 from the 
position sensing device 39 which detects the position of the pumping arm 33, i.e., a blood 
chamber. Before starting the blood elimination phase 105, it fills up with the blood chamber 20 
when the revolving speed of a motor is too much slow thoroughly, and the line 106 expresses 
the situation of coming to restrain movement of the pumping arm 33, only when the cam 52 is 
the position 109. When the line 108 has too quick the revolving speed of a motor, at the start 
time of the blood elimination phase 105, the blood chamber 20 accepts it selectively, is full, 
and shows in it the situation where the cam 52 comes to restrain movement of the pumping 
arm 33 only at the time of the position 111. Motor revolving speed is adjusted properly, it is the 
blood chamber 20 at the start time of the blood elimination phase 105, and is filled with the line 
107 nearly thoroughly, and the cam 52 is the position 110 immediately after the start of the 
blood elimination phase 105, and the situation of coming to restrain movement of the pumping 
arm 33 is illustrated. The contact position of the cam / pumping arm expressed with the 
numbers 109, 1 10, and 1 1 1 of drawing 27 , respectively is easily detectable because the 
differential coefficient of the beginning of the output of the position sensing device 39 becomes 
negative. The revolving speed of a motor can be adjusted to optimum by raising rotation of a 
motor, when the contact detected in the detection value of the contact position of a cam and a 
pumping arm as compared with the ideal contact position 1 10 is too early, and slowing down 
motor revolving speed, when contact is too slow. 

[0042]ln the synchronous mode, the blood chamber 20 synchronizes with a QRS signal, 
receives the blood between the contraction phases of the left ventricle, and, subsequently to 
between the expansion phases of the left ventricle, discharges blood. The epicardium from the 
former or endocardium ECG detection, and a pacing lead can be provided between a patient 
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and the electronic control body (EC) 200, a cardiac cycle can be supervised, and operation of 
a blood pump device can be synchronized correctly. The time between the output pulses of the 
pacer between the detected compound QRS signals is used, and the revolving speed of a 
motor is controlled so that a cam and a pumping arm end one perfect cycle for every cardiac 
cycle. The phase to which the motor position about the detected heart cycle relates is adjusted 
so that the blood elimination phase of the blood chamber 20 may be started, when the 
abbreviated half of the heart cycle detected when the left ventricle begins to have expanded is 
passed. 

[0043]A defibrillation electrode is provided as 1 component parts of an in-plant system, and it is 
controllable by EC200 in order to send the therapy shock for irregular **** or the defibrillation. 
The battery pack which carried out the implant can also use a part of in-plant system, and by 
the time it is re-filled up using this battery pack at the time of necessity, a blood pump device 
can be operated for several hours. Usually, the electric power to an in-plant system can be 
obtained through endermic energy and data transmission (TEDT). The battery pack which 
carried out the implant and in which re-restoration is possible can provide the electric power for 
an in-plant system, when it may re-fill up using this TEDT or the electric power supply by TEDT 
is not performed. 

[0044]An electronic control object manages operation of a motor driving body based on the 
signal received through a pumping arm position sensing device, and arbitrary ECG detection / 
leads for pacing, the rate response heart rate control for optimizing a CHF patient's 
cardioassist -- and -- or the physiological sensor for providing control in an AV sequence 
pacemaker form is incorporable. many of such patients are afflicted by the insufficient 
condition of the chronotropism -- a rate response — like -- and -- or AV pacing sequence 
control may be needed. An ECG electric wire is combinable with an electronic control object 
via a terminal block. A terminal block can be used also as a connector for a defibrillation 
therapy electric wire. An electronic control body is operated by a TEDTS subsystem or the 
electric power supplied with an internal battery pack when the electric power of a TEDTS 
subsystem declines. A TEDTS subsystem comprises a belt for holding two coils which 
positioned one side in hypodermic and with which it positioned another side in the outside of 
the body, an external battery pack, the battery pack of this outside of the body, and a coil to a 
patient's drum section. 

[0045]Another feature of a blood pump device is changed into hemodynamic energy for 
mechanical energy to attain pumping of blood. As for a step number fundamentally, required in 
order to transform the electrical energy of a servo motor into the energy for blood work, 
minimizing generally is desirable. There is inefficiency which produces the loss for every 
conversion stage in each of energy conversion. In addition to minimizing an energy conversion 
step number, the efficiency of each conversion stage must be maximized. 
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[0046]The flow diagram of drawing 28 shows the energy use and efficiency in each of a blood 
pump device and related system configuration parts. As argued previously, there is efficiency 
relevant to the stage in each energy transfer stage. If it explains in detail, 3.15-W electric 
power will be supplied to the motor 325 from the internal electronics 320. Although the 1.57-W 
electric power which should be sent to the circulatory system 350 remains in the pumping arm 
33, the blood chamber 20, and arbitrary heart valves after letting an energy converter pass, 
this means that conversion efficiency is 45%. Considering that it of most devices which can 
compete is 10 to 25% of range, this value can be said to be high for a blood pump device. It is 
thought that what is depended on using the mechanical constitution parts which are not sliding 
frictions and probably produce energy loss by rolling friction has conversion efficiency higher 
than usual. The energy of the reduction gear 330 mainly produces a loss by power loss by 
friction at a bearing. Similarly, power is lost through a bearing also with a cam / pumping arm 
335. Sealing seal-ization of the energy converting device is bearing the important role on 
efficient-izing. Hardened steel or steel "for bearing" which will corrode energy conversion 
device hardware under the salt water environment of a human body by being isolated from a 
patient's body can be used now. The component parts created from such a material have good 
endurance typically to the consumption caused by rolling friction. 
[0047] 

[Effect of the Invention]! The demand over a blood pump device small enough which the 
implant is thoroughly carried out with related electronic parts, and can avoid fear of the 
infection relevant to an endermic lead is fulfilled. 

2. Even if it is a thing of which chamber gestalt of the separate chamber which connected with 
the pump using the part or gastight envelope of a pump, the blood pump device which should 
not need the 2nd chamber for flexibility is provided. 

3. The blood pump device which receives the blood in low filling pressure from a main artery 
base, drives a pump, high-voltage-izes blood all the time rather than it in a distant main artery, 
and returns the blood which won popularity to an ascending aorta in contrast with a parallel 
joint passage is provided. 
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://www4ipdl.inpit.go.ip/cgi-bin/tran web cgi eiie?atw u=http%3A%2F%2Fwww4.ip... 7/19/2010 



JP,11-285529,A [TECHNICAL FIELD] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the lnvention]Generally this invention relates to the detailed single-chamber blood 
pump device in which the perfect implant is possible about the blood pump device in which the 
implant is possible. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art]A seriously injured cardiac insufficiency condition, i.e., the 
condition to which it becomes impossible for the heart to send sufficient blood which the body 
needs, produces a remarkable fall and the immense health care cost of a living standard, and 
tens of thousands of person dead per year. In order [ this ] to cope with it sick, pharmacology 
and many biological intervention measures (those many are patents) like a device were 
devised, but cardiac insufficiency is main problems of public health as usual in spite of such 
efforts. 

[0003]Cardiac insufficiency is judged because the amount of heart blood **** or the cardiac 
index is unusually small. The amount of heart blood **** (it is also hereafter called CO) is 
measured by the blood liter flow per per minute, and calculates the cardiac index (it is also 
hereafter called CI) as a value which **(ed) the CO value with the patient's surface area of a 
body (it is also hereafter called BSA). Usually, CI values are 3.0-3.5 during the time of a rest in 
the daytime, or activity. By a male, by per minute 5.6-6.5 I. and a woman, since a CO value 
has little surface area of a body, it turns into values a little fewer than it. The CI value of 
seriously injured cardiac insufficiency is a case of 1 .5 to 2.0. In the case of a certain man's 
average cardiac insufficiency patient whose CO value is per minute 3.27 and whose surface 

2 

area of a body is 1.87m , the blood volume to which the heart rate (it is also hereafter called 
BPM) of 1 .75 and per minute is sent out for a CI value with 80 or 1 beat is an average of 41 ml. 
This average heartbeat blood volume is conspicuous when CI contrasts with 76 ml whose 3.25 
and BPM(s) are the average heartbeat blood volume of the usual male of 80, and there is. 
[ little ] 

[0004]There are an inlet valve (mitral valve) and an outlet valve (aortic valve) in the main- 
process-pump room or left ventricle (it is also hereafter called LV) of the heart. Since an inlet 
valve is closed while the left ventricle contracts, blood is extruded through an outlet valve and 
goes into a main artery. Diastolic blood pressure of the left ventricle Although it is 2 - 20mmHg 
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(it is also hereafter called preload), while having caused cardiac insufficiency, it becomes a 
value with this higher range. Typically, the left ventricle must resist the aortic pressure which is 
70 - 140mmHg (it is also hereafter called an after load), and must discharge blood at the 
contraction stage. If an after load falls by cardiac insufficiency, heartbeat blood volume 
increases automatically. This is the Reason a cardiac insufficiency patient is saved with after 
load fall medicine like ACE depressant. 

[0005]There are some which use an opposite pulsation device (it is also hereafter called 
IABS), for example, an arterial pump, in the general approach which provides a mechanical 
circulation auxiliary. IABS provides the circulation auxiliary in after load fall form, and is 
typically used for short-term use (namely, several hours to day). The main benefit of such a 
device is brought about by making a systole release the left ventricle from load, and increasing 
the cardiac dilatation pressure for the reperfusion of a coronary artery and the other arteries of 
a diastole by that cause so that it may be indicated to US,4,733,652,B and 3,692,018, 
respectively. The patient who needs the treatment of this form is afflicted by the cardiogenic 
shock and the chronic angina, or the circulation support (Kormos1987 in 1988 besides Nanas) 
under operation is needed. IABA design shape arranges the bulky balloon drive unit which 
needs to be stored on the bed of a hospital to a patient's outside of the body. 
The use is limited only to an acute use. 

[0006]The porch type auxiliary ventricle which has the mechanical means or pneumatic 
pressure means for carrying out pumping of the stored blood is indicated to US, 3,553, 736, B 
and 4,034,742, respectively. Many of both such the auxiliary ventricles have a single access 
port which provides the entrance and exit for a blood flow. There is a disadvantage that 
stagnation of a relative flow increases the danger of clot-of-blood formation or the 
thromboembolism in such design shape. Parallel connection of the auxiliary ventricle of others 
which have each port of an entrance and an exit both can be carried out to an artery. It may 
have the valve which meant that the thing of such design shape maximized pumping efficiency 
(US,4,195,623,B and 4,245,622). 

[0007]"a dynamical artery patch" indicated to US,4,630,596,B and 4,051,840 is what is 
everlastingly attached to an artery -- opposite pulsation -- it has the design shape which 
provides legal cardioassist. Since this device means long-term use, in order to incorporate this, 
it needs to cut a patient's thorax open. Like IABP, this device unit is arranged to a patient's 
outside of the body, and a patch expands by pneumatic pressure through an endermic access 
port. Unlike IABP, according to this dynamical artery patch, assistance by larger capacity than 
40 ml can be created. There are there being a possibility of receiving the long-term infection by 
a lasting endermic access port, and a possibility that implant surgical operation time may 
become long in this system. A patch has oblong physical shape shape, the blood side of a 
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chamber comprises a flexible balloon, it pierces through the rigid lining of a chamber, and the 
distraction of the pneumatic line (it is also hereafter called a hose) for expanding and shrinking 
a balloon is carried out. The circumference of the rigid lining of a chamber serves as a flange 
which provides the edge for suturing a patch to an arterial wall. It is endermically run through 
with a hose by the skin surface through the skin port designed specially. Expansion and 
contraction of the balloon under operation are performed using the exterior air pump combined 
with the dynamical artery patch in an artery. When not carrying out a pulse drive when a 
balloon does not carry out a pulse drive or, the safety of a pump is guaranteed by making a 
blood flow release an artery. In a standby mode, a chamber is shrunk for the inside of a 
balloon as atmospheric pressure power lower than arterial pressure. 
[0008]ln US,4,938,766,B, adding a flexibility chamber to an arterial system is indicated. If an 
artery hardens, the flexibility of a pipe will fall, and there is a possibility that the after load 
added to the heart may increase. By adding a flexibility chamber, the influence of 
arteriosclerosis retreats a little and the burden of the heart decreases. According to 
US,4, 938,766, B, such a device is used in order to support the left ventricle generally. Some 
shape of a flexibility chamber is indicated and various implanting method is also taught. This 
device may be classified as each machinery clip of the single-port chamber type attached to an 
artery, a dual port flow through chamber type, and a spring load type. A valve may be 
contained in the entrance side of a flexibility chamber in the thing of design shape with flow 
through composition. This valve is for preventing a back run and making blood discharge 
preferentially from a flexibility chamber towards a more desirable position. 
[0009]That by which pumping in a diastole is directly referred to typically with a ventricular 
assist system (it is also hereafter called VAD) carries out. VAD which has flow through 
composition and carries out direct conversion of the electrical energy to mechanical energy is 
the most suitable as conventional technology indicated on these Descriptions. The device 
which compresses a toroid flow lead pipe into US,4,091,471,B mechanically by extracting an 
inside diameter, and extrudes the compressed lead pipe outside keeping an outer diameter 
from expanding is indicated. Prevention from expansion of an outer diameter is realized by 
pressurizing the center portion to which the seal of the toroid center position was carried out. In 
US,4, 250,872, B, the pumping chamber of the flow through composition curtailed with the fluid 
for application of pressure is indicated. The pumping chamber of this United States patent 
mainly controls compression of a pumping chamber based on change of the thickness of a 
pumping-chamber wall. In US, 5,089, 016, B, the device of the toroid design shape of the flow 
through composition which compresses a toroid-shaped pumping chamber using a fluid 
pressure pumping fluid is indicated. This device may have a valve in each position of the 
entrance of a pumping chamber, and an exit. Blood pumping is attained by being compressed 
from all the circumferencial directions in itself [ pumping-chamber ]. However, in order to 
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minimize the wall stress in a pumping chamber, it is preferred by reinforcing the opposite hand 
of a wall that a pumping chamber is extracted towards one direction. 
[0010]The implant is carried out to document (Ann Thracic Surg, 59:S46-S51-1995) which 
document (Curculation, 89:2980-2914-1994) which Frazier others published, and McCarthy 
others published into an upper left part abdominal wall, respectively, The blood pump device 
which has a circular pumping chamber of the diaphram drive type which heartbeat blood 
volume is 83 ml and is obtained is indicated. This circular pumping chamber receives the blood 
from the lead pipe which ran through with the crowning of the left ventricle. Diaphram or a drive 
film may be driven with pneumatic pressure or the electric motor which drives a single rotation 
roll cam mechanism. The pumping chamber is circular and, in any case, a drive line is run 
through with it by the skin. Since the non-blood side of diaphram is aerated by the atmosphere 
via a skin port, it can be appropriately filled up with a pumping chamber. In the blood pump 
device indicated to US,5, 569,1 56, B, diaphram has the non-blood side in contact with the 
hydraulic fluid by which active pumping should be carried out to another capacity chamber (it is 
also hereafter called VDC) during pumping-chamber restoration. This blood pump device also 
has each port of an entrance and an exit which intersects perpendicularly with the drive film of 
a blood pump device. 

[001 1]The separate flexibility chamber which is arranged in a pleural cavity and is [ non-blood 
contact side of the diaphram of a blood chamber ] open for free passage by an airtight pipe 
means in document (ASAIO Transactions, 35:402-404-1989) besides Ramasamy and by 
which gas charging was carried out is illustrated. In this flexibility chamber, in order to carry out 
facilitating of the gas charging, it is necessary to carry out facilitating of the blood inflow for the 
non-blood contact side of diaphram as a pressure near atmospheric pressure or atmospheric 
pressure. The artificial VDA pumping chamber accompanied by related electronic parts or 
drive mechanism is not still miniaturized fully, in order to carry out the implant thoroughly. 
Various leads must be rather inserted in the skin and a pumping chamber must be connected 
with an external drive mechanism. In order to be able to fill up a pumping chamber with blood 
easily, it is necessary to reduce the pressure which opposes. Using the middle hydraulic fluid 
combined with the aeration and the capacity chamber which carried out the implant, or VDC to 
the separate flexibility chamber which filled up each above-mentioned document with the gas 
in the aeration to three means for realizing this failure of pressure, i.e., the atmospheric 
pressure power which lets the skin pass, and the thorax is indicated. This pumping chamber 
receives the blood from a left-ventricle crowning, and the blood which won popularity is sent 
into the pumping chamber indicated in document besides Frazuer by the main artery across a 
channel parallel to the left ventricle, and it has a blood channel parallel to the left ventricle in 
this way. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention]! The demand over a blood pump device small enough which the 
implant is thoroughly carried out with related electronic parts, and can avoid fear of the 
infection relevant to an endermic lead is fulfilled. 

2. Even if it is a thing of which chamber gestalt of the separate chamber which connected with 
the pump using the part or gastight envelope of a pump, the blood pump device which should 
not need the 2nd chamber for flexibility is provided. 

3. The blood pump device which receives the blood in low filling pressure from a main artery 
base, drives a pump, high-voltage-izes blood all the time rather than it in a distant main artery, 
and returns the blood which won popularity to an ascending aorta in contrast with a parallel 
joint passage is provided. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the lnvention]Therefore, the issue which it is going to solve is 
fulfilling the demand over a blood pump device small enough which the implant's is thoroughly 
carried out with related electronic parts, and can avoid fear of the infection relevant to an 
endermic lead. Other issues which it is going to solve are providing the blood pump device 
which is a thing of which chamber gestalt of the separate chamber which connected with the 
pump using the part or gastight envelope of a pump, and should not need the 2nd chamber for 
that and flexibility. Furthermore it is going to solve, other SUBJECT is providing the blood 
pump device which drives a pump for the blood which received blood and won popularity, and 
returns blood as a much high-pressure thing rather than it in a distant main artery underfilling 
pressure low from a main artery base in contrast with a parallel joint passage at an ascending 
aorta. With the left ventricle, such a connection configuration may be referred to as it is "serial". 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

MEANS 

[Means for Solving the Problem]A blood pump device according to this invention in which 
implant is possible may contain pump housing which has pump parts and a drive chamber 
which stores drive mechanism. Pump parts may be the plate members of flatness or the shape 
of a glass combinable with pump housing. Drive mechanism may contain an electric 
servomotor which has a stator, a rotor, and an output shaft. An output shaft is combinable with 
an eccentric shaft which may have a cam part, a pumping arm which a cam part may be a roll 
cam and has an end part which follows a cam can be provided -- an omitted portion of a 
pumping arm -- housing -- a pivot -- it can equip rotatably. a pivot -- an end of a pumping arm 
attached rotatably contacts a cam surface intermittently, and the surface of an end of a 
pumping arm acts as a cam follower. The other end of a pumping arm is combinable with a 
movable plate. A compressive blood chamber which combined an entrance and an exit with 
the circulatory system can be made to pinch between a glass shaped part and a movable 
plate. A valve for supporting that arterial blood passes a blood chamber only in one way 
certainly can be provided in an outlet position of a blood chamber. In this way, if a cam is 
rotated and a cam rotates, a pumping arm will carry out [ center of rotation /, i.e. a center / 
omitted portion / which was fixed /, ] the pivot rotation of the electric servomotor. A movable 
plate compresses and releases a blood chamber periodically by pivot motion of a pumping 
arm, and pumping of the blood is carried out through the circulatory system. It is preferred that 
carry out the implant of the movable plate side of a blood pump device to a position which 
adjoins a lung, and a movable plate moves, blood faces that pumping is carried out and a lung 
moves with this movable plate. Therefore, a lung can be used as a flexibility chamber for a 
blood pump device. After all, the necessity of providing a flexibility chamber independently is 
lost. It is preferred to combine a reduction gear between an electric servomotor and an 
eccentric shaft. A reduction gear may have gear array constitution with four planetary gears. A 
metal bellows member for sealing seals can be provided in the circumference of an omitted 
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portion of a drive chamber and a pumping arm. A bellows member prevents drive mechanism 
from carrying out the seal of the drive chamber in the circumference of an end of a pumping 
arm, and contacting body fluid by that cause. A bellows member carries out the sealing seal of 
the space, and it provides a means for transmitting movement of a driving assembly, without 
tearing such a sealing seal. 

[0014]Some blood pump devices can surround all with an envelopment bag made from 
Polymer Division preferably filled up with an isotonic salt water solution, and the parent 
organization surface which surround an organization can be made to provide. An envelopment 
bag prevents an organization also from being involved in a movable part of a blood pump 
device. A position sensing device for determining relative blood volume in a blood chamber 
can be positioned. Both relative blood volume in a blood chamber can serve as information 
which displays blood volume and cam positions in a blood chamber. Especially this information 
can be used in order to control motor speed and to optimize a pump operation, when blood 
discharge from a blood chamber should be started. The implant of the blood pump device may 
be carried out in various composition. A standard artificial blood vessel can be used for an 
entrance and an exit. Exit cannula is joined to a thorax ascending aorta, entrance cannula is 
joined at a thorax ascending aorta (in series), only one valve is provided in exit cannula, or it 
can join (in parallel) and an integral-type valve can be provided in each cannula of an entrance 
and an exit at a crowning of left ventricle (LV). 

[0015]The implant of the electronic control object which carried out the sealing seal for making 
some functions for controlling operation of a blood pump device provide can also be carried 
out. An ECG lead can be combined with the heart and an electronic control object can be 
made to supply a signal. Such a signal can be used instancy for ****** in order to control **- 
SHINGU. The same ECG lead is used, and if required, pacing of a patient's heart can also be 
carried out. Since many of cardiac insufficiency patients have the high danger of starting 
ventricular fibrillation (sudden cardiac death), they can also pull out electric ****** / ****** | ea <j 
from an electronic control object. Electrical energy to this electronic control object can be 
supplied via endermic energy and a data transmitting system (it is also hereafter called 
TEDTS). TEDTS can use a hypodermic (secondary) coil which carried out the encapsulation. 
A hypodermic coil is connected to an electronic control object after all. An external (primary) 
coil which agrees with a hypodermic coil can be fixed to a patient's skin, energy can be 
transmitted to an electronic magnetism target at a secondary coil, and an electronic control 
object can be operated. It is also possible to use such a coil pair doubling object in order to 
send data in both directions between an electronic control object, and external detection and a 
program device. Such one system for sending electric power and data endermically is 
indicated to US,5,630,836,B. A battery of an electronic control object may be charged during 
the usual TEDTS operation. When external coiling of TEDTS was removed from a patient's 
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skin, or that was not right and electric power of TEDTS declines, electric power required in 
order that a battery pack of an electronic control object may operate an in-plant system for 
several hours can be provided. 
[0016] 

[Embodiment of the lnvention]With reference to Drawings, the blood pump device 10 in which 
the perfect implant is possible to drawing 7 is illustrated by explaining this invention from 
drawing 1 , It is combined on operation with the component parts 200 relevant to a patient's 
circulatory system, for example, an electronic control object, (it is also hereafter called EC), the 
battery pack 210, and TEDTS220. the blood pump device 10 can carry out the implant to 
which a thorax on either side -- a parallel form -- or it is connectable with the circulatory system 
under series constitution. The right thorax implant composition for assisting drawing 1 and 
drawing 5 with the parallel form of another mode in the ventricle is illustrated. The left thorax 
implant composition for assisting drawing 4 with a parallel form in the ventricle is illustrated. 
Also in which thorax implant on either side, the implant of the blood pump device 1 0 can be 
carried out under the state where blood takes a channel from a left-ventricle crowning to an 
ascending aorta in the thorax of a human body (or animals other than a human body). The 
blood pump device 10 can be positioned so that a lung may push the operation side of this 
blood pump device a little. By arranging in this way, the blood pump device 10 becomes the 
thing of automatic flexibility which used lung tissue, and the necessity over a separate flexibility 
chamber is eliminated. A pumping function also relates to a target directly further with a blood 
flow lead pipe. 

[0017]The blood pump device 10 of arbitrary composition can be arranged inside a breast wall 
in the position of the almost same height as the heart, as shown in drawing 2 and drawing 3. 
The blood pump device's 1 0 pressure of the blood chamber 20 will show that the blood 
chamber 20 comes to be thin by the discharged blood volume. In this way, a lung will act as a 
flexibility chamber for the blood pump device 10. This brings about the clear profits which excel 
the blood pump device assembly from the former which needs the artificial chamber which 
carried out gas charging, in order to obtain flexibility. If time passes, by discharge, gas volume 
needs to be lost, and it needs to be periodically re-filled up with an artificial chamber after all, 
and it needs to maintain the capability. It is too large for including a blood pump device 
assembly in a thorax in a system conventionally [ most ]. Such conventionally, in a system, 
blood pump device assemblies are completely different component parts, and if a flexibility 
chamber has space, the implant of it may be carried out even to somewhere else. Therefore, 
the airtight tubular terminal area for connecting a flexibility chamber to a blood pump device 
assembly is provided. The component parts by which the implant is carried out decrease, and 
there is also little space required for the implant much, and they can be managed with the 
blood pump device of automatic flexibility. Therefore, this invention is substantial much space 
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efficiency-like [ assembly / from the former / which needs a flexibility chamber separately / 
blood pump device ]. 

[0018]Much profits can be obtained by obtaining flexibility using the lung space in the thorax. 
For example, since the pressure in lung space is very close to atmospheric pressure, the ideal 
situation for being filled up with a pumping chamber is provided, it is one of these and the 
necessity over a flexibility chamber is eliminated. It cannot be overemphasized that a direction 
with few parts for a human body which need to carry out the implant is good. The lung is 
extremely rich in flexibility, and on the whole, it can bear, without receiving or spoiling an 
adverse effect to a lung function also to some compression and expansion. Unlike an artificial 
flexibility chamber, the lung does not need to produce "leaking", therefore does not need to be 
periodically re-filled up with it. And the thorax protects a blood pump device. A blood pump 
device is the inside of a breast wall, and as shown in drawing 4 in the state of adjoining the 
heart and contacting a rib, it may be arranged. Interference with a lung function is a minimum 
grade, and occupation space is efficiently used by that a pumping chamber is flat on the whole. 

[0019]As shown in the blood pump device 10 at drawing 7 and drawing 8, it can also attach 
under series constitution at the circulatory system. The ventricular assist system from the 
former, i.e., VAD, is typically attached at the circulatory system under a parallel form as shown 
in drawing 1, drawing 5, and drawing 6, and an entrance conduit receives the blood from the 
left-ventricle crowning 2 in that case. In such array constitution, blood flows into a blood pump 
device from a ventricle pars basilaris ossis occipitalis. When it is supposed that the blood 
channel in the conventional VDA is parallel to the blood channel of the usual left ventricle, 
therefore the blood pump device of VAD breaks down, these parallel blood channels have a 
possibility of getting it blocked by a thrombus. In the case of series constitution, if a blood 
pump device breaks down, a blood channel will become longer than usual, but since blood 
continues being sent to a blood pump device, a thrombus becomes difficult to happen. 
Therefore, series constitution is safer as compared with a parallel form, even when a blood 
pump device breaks down. It replaces with the blood from the left ventricle being sent out from 
the crowning of the left ventricle in a parallel form, so that that may be right, Usually, since it is 
sent out to a target through an aortic valve, a possibility of getting a blood flow blocked within a 
blood pump device at the time of blood pump device failure not only decreases, but the high 
danger of getting a blood flow blocked within the left ventricle decreases. Other strong points in 
the case of considering it as series constitution are that what is necessary is just to provide 
only one valve in the exit pipe of a blood pump device. By contrast, it is necessary to provide 
one each and a total of two valves to each lead pipe of an entrance and an exit in a parallel 
form, or [ providing such a valve in the inside of a long lead pipe ] -- or a part of connector 
assembly is used. Mechanical or, in any case, the valve of living thing replaceability is used. 
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However, what is necessary is just to position only one valve in an exit pipe, since the original 
aortic valve of the heart can act as an inlet valve of a blood pump device in the blood pump 
device of series constitution. 

[0020]The conventional technique for attaching a lead pipe to the circulatory system is 
illustrated by drawing 12 from drawing 9. A lead pipe is connectable with a blood pump device 
by suturing using the quick connector which used the coupling frame of spool form or was 
manufactured beforehand. The coupling frame of spool form covers this coupling frame, and 
has the design shape which has the artificial blood vessel put firmly on coupling frame by a 
band or ligation. A quick connector has an end with which it agrees for combining a lead pipe 
with a blood pump device. The termination of the end of the blood pump device 10 and the end 
of the condom made from polyurethane is carried out in the position of these connecting parts 
irrespective of the form of the connecting part to be used. 

[0021]The implant technique in series constitution is illustrated by drawing 11 from drawing 9, 
and it is exposed for the connection with an inflow lead pipe of a thorax ascending aorta. While 
carrying out the pinch stop of the one segment of an arterial wall using a SATINSUKI (satinski) 
clamp, the usual artery flow is maintained without blocking. On the occasion of preparation 
incorporating an inflow lead pipe, the section in which the artery carried out the clamp stop is 
cut open for a long time. Subsequently, the end of an inflow lead pipe is sutured to the flank of 
an artery using surgical closure. The clamp of the approaching side is removed and air is 
extracted from an inflow lead pipe using the hypodermic needle. After carrying out air 
extraction, the clamp by the side of a distant place is removed. Thereby, the artery separation 
part or constriction part for sending the blood from the left ventricle in in-series through a blood 
pump device in an ascending artery at an arterial system is created. In order to connect the 
lead pipe of series constitution to an artery, junction between ends to a heart bypass can also 
be used. 

[0022]The implant technique in a parallel form is shown in drawing 14 from drawing 12, and it 
is exposed for cannula inclusion of one segment of a thorax ascending aorta. The pinch stop of 
the one segment of an arterial wall is carried out using a single SATINSUKI (satinski) clamp, 
and on the other hand, the usual artery flow is maintained, without blocking. The section in 
which the artery carried out the clamp stop on the occasion of preparation incorporating 
cannula is cut open for a long time, it ranks second and the end of cannula is sutured to the 
flank of an artery using surgical closure. The sutured cannula is used as an exit pipe of a blood 
pump device. Subsequently, cannula is built into a left-ventricle crowning and this cannula is 
connected to the entrance conduit of a blood pump device. Since the blood pump device 
combined by this parallel form has fear of air ****** by having an opening in the left-ventricle 
crowning, probably the heart bypass for the implant is required for it. 

[0023]The quick connector assembly 80 from the former is shown in drawing 15 and drawing 
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1 8. The entrance 24 or the exit 22 of the blood chamber 20 is combined with the actuator 
septum 84. The sleeve 88 for a lock can be attached to the actuator septum 84, and it can be 
considered as the fixed tip for the quick connecting part of the quick connector assembly 80. 
The artificial blood vessel 110 is joinable to the base material ring 86. The base material colors 
92 surround the base material ring 86, and it may have the two pins 90 for a lock of one. The 
compression spring 94 can be formed between the base material ring 86 and the base material 
color 92. The compression spring 94 is compressed between the base material ring 86 and the 
base material color 92, and is held by the pin 90 for a lock at an appropriate position. The pin 
90 for a lock is slidable in the inside of the long hole 98 in the base material ring 86. The O-ring 
82 can also be arranged between the base material ring 86 and the base material color 92. 
The O-ring 82 is held with the base material color 92 at an appropriate position. Another O-ring 
82 can be arranged between the base material color 92 and the sleeve 88 for a lock. Thus, the 
seal of the quick connector assembly 80 may be carried out to body fluid. The actuator septum 
84, the entrance conduit 24 or the exit pipe 22, the O-ring 82, and the sleeve 88 for a lock are 
contained in the actuator side edge part of the quick connector assembly 80. The blood flow 
lead pipe 110, i.e., an artificial blood vessel, the pin 90 for a lock, the base material color 92, 
the compression spring 94, and the O-ring 82 are contained in the lead pipe side edge part of 
the quick connector assembly 80. On the occasion of an assembly, a lead pipe side edge part 
and an actuator side edge part are brought near, and it lets the pin 90 for a lock pass to the 
long hole 100 of the sleeve 88 for a lock. Subsequently, each end is advanced, the base 
material color 92 is rotated clockwise, and the pin 90 for a lock is moved along the passage of 
the long hole 100 of the sleeve 88 for a lock. If connection is completed, the seal of the inside 
will be carried out from a human body, and, as it thinks best, a quick connector assembly will 
be held by the O-ring 82 with the pin 90 for a lock, and the compression spring 94. Please 
understand that the quick connector assembly in another mode can be used. It is important 
that a delicate circular connecting part can be sutured surgically, without receiving the physical 
interference by a pump existing by using a quick connector assembly. The surgeon can 
continue at the suture which connects a lead pipe with the circulatory system, and can carry a 
pump quickly using a quick connector assembly. 

[0024]The blood chamber 20 is producible from polyurethane of the medicine grade which has 
elasticity compressibility and living thing stability, for example, polyurethane of form which is 
indicated to US, 5, 133, 742, B. An one surface pattern may be given so that the organization 
chart side which extends in the inside for the inner surface in contact with the blood of the 
blood chamber 20 to form a biological blood contact surface may be provided. A surface 
pattern may consist of the staple fiber by which orientation was carried out by intersecting 
perpendicularly with the surface of the blood chamber 20. Such a surface pattern may be 
indicated to US, 751, 839, B. The surface encaustic attachment by textiles can promote the 
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manifestation of biological intima lining. As for intima lining, it is preferred to carry out the 
distraction of the blood chamber 20 and the artificial blood vessel 1 1 0 whole without a stitch. 
The artificial blood vessel made from Dacron (brand name) is also because the organization 
which extends inside is made to reveal preferably and the biological surface may be produced 
inside an artificial blood vessel by that cause. As the blood chamber 20, on the whole, has flow 
through type design shape and a vortex or a flow stagnation zone is minimized, change of a 
cross-section area may be the minimum. 

[0025]lt may be formed by any of each in-series or parallel circulation combining form type it 
chooses again they are by whether the blood chamber 20 positions the blood pump device 10 
to which [ of the thorax ] side by having rhombus shape substantially in itself with various 
composition. For example, some different composition is illustrated by drawing 19 from 
drawing 17. The composition for connecting a blood chamber with thorax right-hand side in 
parallel form is illustrated by drawing 17 . In the steel things connected with thorax left-hand 
side in parallel, a blood chamber makes what is shown in drawing 17 , and a mirror image. In 
order to carry out a series connection to thorax right-hand side, the blood chamber 20 can 
become a thing of composition of positioning substantially [ mutual ] an entrance and an exit as 
shown in drawing 19 in an opposite hand. However, the blood chamber 20 may be formed in 
non-flow through type "blind porch" composition which is illustrated to drawing 18 in another 
mode which carried out the series connection to thorax right-hand side. Irrespective of specific 
composition, the material composition of the blood chamber 20 is the same, and is acquired. 
That and the blood chamber 20 may be produced from polyurethane of the medicine grade 
referred to previously with which composition. 

[0026]The blood pump device which follows this invention with reference to drawing 26 from 
drawing 20 is shown, and the pump housing 13 has the glass-like portion 15, the drive 
chamber 18, the blood chamber 20, and drive mechanism. The pumping arm 33 and the 
movable plate 28 are contained in drive mechanism. As for the pump housing 13, the pumping 
arm 33, and the movable plate 28, it is preferred to constitute all from titanium. A blood 
chamber can be positioned in the glass-like portion 15 of the pump housing 13. The glass-like 
portion 1 5 may have the opening 1 6 for the entrance 22 of the blood chamber 20, and the exit 
24. Although the glass-like portion 15 is shown in the shape of a glass by a diagram, a bottom 
plate flat on the whole can also be used. Except for the movable plate 28 having surface area 
smaller desirable a little than the surface of the blood chamber 20 where this movable plate 28 
is pushed, it may have the blood chamber 20 and shape corresponding on the whole. It is 
preferred to face to carry out the implant of the blood pump device 10 to a patient, and to 
position so that at least some movable plates of the blood pump device 10 may adjoin at least 
a part of a patient's lung 5 and it may be positioned. In order that the movable plate 28 may 
carry out pumping of the blood by doing so, the lung 5 can be faced moving so that it may 
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illustrate from drawing 2 to drawing 3, and it can be moved now with the movable plate 28. 
After all, a changed part of the capacity of the blood pump device 10 is compensated with a 
lung acting as a flexibility chamber for this blood pump device 10. 

[0027]As for the edge of the movable plate 28, as shown in drawing 21 and drawing 23 thru/or 
drawing 24, when the blood chamber 20 is compressed, in order to keep stress from 
concentrating on the edge position of the movable plate 28, it is preferred to have the 
curvilinear shape which separates from the blood chamber 20. The blood chamber 20 and the 
size shape of the movable plate 28 are faced the blood chamber 20 being pressurized and 
being compressed, and they can be optimized so that the bending stress and hoop tension 
which are produced into the flexible portion of the blood chamber 20 may become the 
minimum. The blood chamber 20 should be repeatedly deformable and it should be possible to 
return to the state before modification qualitative moreover in addition as a matter of fact. The 
bending stress can cope with it, when the blood chamber 20 chooses carefully the proper wall 
thickness which can be equal to total compression. As for the entrance 22 and the exit 24 of 
the blood chamber 20, it is preferred to position in the flat surface of the greatest projection 
part of the blood chamber 20. After all, the blood chamber 20 can become a thing of the 
thinnest outline. 

[0028]Theoretically, in order to optimize the blood chamber 20, the necessity of taking many 
complicated phenomena into consideration may arise. The deviated amount which the blood 
chamber 20 receives in the 1st first is large as shown in drawing 23 and drawing 24, but it is 
being unable to explain this phenomenon by the principle of the simple intensity of material. It 
is because the ingredient of the action of the material showing big modification and deflection 
is omitted for simplification. It is the cause for which the point said that a "schoolbook" answer 
is a thing to easy shape and ingredient also causes complication to the specific three- 
dimensional shape of the predetermined blood chamber 20 being explained. Are the 
characteristic that Polymer Division used for the 2nd by this invention has the nonlinear 
relation between stress and a strain having, and to the 3rd. It is a point which the blood 
chamber 20 says that itself is a complicated contact phenomenon and the local deformation for 
bending around the edge of the movable plate 28 is a thing directly in connection with the 
shape of the movable plate 28, or the thickness of the blood chamber 20. One practical 
method of evaluating the blood chamber 20 uses finite-element analysis, taking such a factor 
into consideration. In this solution, the ingredient which poses a problem is decomposed into a 
small and simple portion (element) all the time. Subsequently, each element is solved 
simultaneously, it faces formulating an element, and complexity is explained. To the problem 
mentioned above, a remarkable computer resource and computation time are needed. 
[0029]The blood chamber 20 of this invention receives simultaneously the strain which bends 
during operation of the blood pump device 10, and originates in a pressure. As stated 
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previously, such bending is involved in the shape of the edge of the movable plate 28, and the 
thickness of the blood chamber 20. It is decided by length S p of the portion which also has a 

strain produced by blood pumping in the state of receiving not only the thickness of the blood 
chamber 20 but pressure load. In short, the pressure load added to the blood chamber 20 
becomes large, so that this length S p becomes long. If the blood chamber 20 is thickened, the 

amount of strains resulting from a pressure will decrease, but the amount of strains at the time 
of the blood chamber 20 bending around the movable plate 28 increases. In this way, bending 
and making each strain by a pressure balance is included in a design problem. Subsequently, 
it is necessary to determine blood chamber 20 shape of bringing about the best performance, 
by changing the edge shape of the movable plate 28, partial length S p of the blood chamber 

20, and the chamber width in length S p . 

[0030]Typically, the component parts made from Polymer Division have the design shape 
which maintains the predetermined strain level over the life of these component parts. 
Therefore, it may be necessary to get to know the maximum amount of strains permitted to a 
predetermined material and load frequency. According to the conventional research, it was 
shown that a maximum of 15% of strain may be permitted to 2 million cycles to the 
polyurethane used for this invention. After all, this strain level can be used as design allowable 
maximum stress deformation of the component parts made from polyurethane of this invention. 

[0031]With reference to drawing 25 and drawing 26, drive mechanism may contain preferably 
the servo motor 56 of an electric type connected with the reduction gear 70 for rotating the 
eccentric shaft 47. The eccentric shaft 47 drives the pumping arm 33 and the movable plate 
28, and can carry out pumping of the blood. The stator portion 58 and the rotor portion 60 are 
contained in the servo motor 56. ** arrival of the stator portion 58 is carried out to housing, and 
the rotor portion 60 may contain the output shaft 62 for rotating the eccentric shaft 47 and 
generating a pumping action, the servo motor 56 -- a power supply -- and -- or the electric 
power coupling 79 for connecting with EC200 can be formed. The servo motor 56 may have 
various sizes or aspect ratios. As for the servo motor 56, what can carry out continuous 
rotation by about 2,000 to 3,000 RPM is preferred. Sierracin/Magnedyne of California Carlsbad 
can manufacture the servo motor 56, for example. The servo motor 56 carries out pumping of 
the blood at speed of per minute 120 beats, and, as for the cylinder capacity of a blood pump 
device, it is preferred that it is 60-80 ml. In addition, a blood pump device resists the pressure 
in the range of human being's arterial pressure power in the blood in cylinder capacity, and 
should move blood. In the case of a cardiac insufficiency patient, generally, such arterial 
pressure power ranges are about 160 mmHg(s) in the maximum. Such a standard can be used 
and the design of blood pump device 10 blood chamber 20, pumping arm 33, servo motor 56, 
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and reduction gear 70 and other component parts can be optimized, the calorific value which 
silence-operates the servo motor 56 and the reduction gear 70, and may be received -- and it 
should be preferably designed also for the long operation life in the maintenance free situation 
for at least five years. 

[0032]As for the reduction gear 70, it is preferred to join together between the output shaft 62 
and the eccentric shaft 47. As for the reduction gear 70, it is preferred that it is a planetary- 
gear-type reduction gear which changes rotational movement of the servo motor 56 into the 
number of cycles between per minute about 80 and 120 as gear ratio best shown in drawing 
26 of 25: 1 . The speed of the servo motor 56 and the ratio of the reduction gear 70 can be 
chosen so that energy efficiency may be attained and the compactest drive mechanism may 
be provided. One rotation of the output shaft of the reduction gear 70 operates one process of 
blood pump devices 10, and this distance operation arises in the range which is per minute 
about 60 to 120 cycle. Although some planetary-gear type reduction gears which can carry out 
commercial acquisition are various, in order to reconcile minimization of size shape, and 
maximization of efficiency, it is preferred to use the thing of an order design. The planetary- 
gear type reduction gear 70 may be a thing of 3 gear differential (it is also hereafter called 
TGD) mold as shown in drawing 26. Although the gear type reduction gear of other forms can 
be used, TGD is preferred from especially small being energy efficiency-like. Inside flywheel 
starter gear may be contained in the reduction gear 70 of this form. It is known that inside 
flywheel starter gear have few slides at the time of engagement, and the contact ratio for 
transmitting load to a target more gradually is high. TGD is long-life, and more efficient than 
the reduction gear of other forms, and the load support capacity to a prescribed dimension is 
not only large, but it a low noise. Rather than a more general 4 gear differential type thing, 
there are few a gears, therefore they can miniaturize TGD. As for a planetary gear, it is 
preferred to use four pieces. A load passage will be 4 times by doing so, and it enables the 
number of planetary gears to miniaturize the whole shape all the time rather than fewer things. 
[0033]The output shaft of the reduction gear 70 is combinable with the eccentric shaft 47. The 
eccentric shaft 47 may have the input part 48 which attached the flywheel-starter-gear portion 
68 which may be driven with the reduction gear 70 so that it may be best shown in drawing 25. 
The pumping arm 33 contacts in the form where it rides on the circumference of an end of the 
eccentric shaft 47. After all, although the eccentric shaft 47 drives the pumping arm 33 in a 
pumping process, the inside of the return process [ it fills up with the blood chamber 20 ] of a 
between carries out the free movement of the pumping arm 33, without being restrained. The 
cam which is the roll bearing 52 and is obtained is attached to the end of the eccentric shaft 
47, and the end of the pumping arm 33 follows for this cam. The center of rotation of the 
eccentric shaft 47 is shown as C 

axis 

[0034]As for the pumping arm 33, it is preferred to carry out orientation into the flat surface 
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which intersects perpendicularly with the axis of rotation of a servo motor and a reduction gear, 
the omitted portion of the pumping arm 33 a pivot -- the bearing 43 can be formed in the 
position of center-of-rotation C of the portion attached rotatably. It is preferred to use the 

arm 

sleeve made from Polymer Division which low abrasiveness does not illustrate by non- 
corrosiveness as a bearing for combining the pumping arm 33 with the movable plate 28. 
Materials desirable for this connecting part are PPS sleeve material and 316 stainless steel. 
The end of the side in contact with the cam surface of the pumping arm 33 operates as the 
cam follower 45. The pumping arm 33 is periodically rocked, as best shown in drawing 22 
focusing on the center-of-rotation C , and periodic pumping of the blood chamber 20 is 

arm 

attained as the cam 52 rotates on an eccentric shaft. The ratio of the distance from the center 
of rotation of the pumping arm 33 which carries out pivot motion to each end is expressed with 
drawing 21 as D 1 and D 2 , and determines possible lever ratio in the predetermined 

geometrical form of the pumping arm 33. As for distance D 1 from the center of rotation of the 

pumping arm 33 to the movable plate 28, what is larger than the distance to the surface of the 
cam 52 is preferred. The torque conditions for the eccentric shaft 47 can become the lever 
ratio of a pivot arm with what also has a quite big twist. However, by that cause, the hardware 
for energy conversion (a servo motor, a reduction gear, a cam) can be brought close to center- 
of-rotation C . of the eccentric shaft 47, and can be positioned now, and it enables much 

3XIS 

more miniaturization of drive mechanism. It is preferred to form the position sensing device 39 
in the position which adjoins the omitted portion of the pumping arm 33. The position sensing 
device 39 may be an eddy current sensor for detecting the position change of the pumping arm 
33, for example. The relative capacitor of the blood in the blood chamber 20 can be 
determined from the position change of the pumping arm 33, and the position of the eccentric 
shaft 47 or the cam 52 can be determined. 

[0035]The movable plate 28 may have the central joint point 29 which can serve as an 
installation part of the end 41 of the pumping arm 33. It can pierce through punching in a 
movable plate, and punching of the end 41 of the pumping arm 33, and the pin 30 can be 
arranged. Thereby, the pin 30 hinges the pumping arm 33 on the movable plate 28. As for the 
pumping arm 33, it is preferred to rock the inside of the flat surface which intersects 
perpendicularly with the movable plate 28. By having hinged the pumping arm 33, orientation 
of the movable plate 28 may be carried out in the direction that the strain of the blood chamber 
20 may be minimized during process operation, in itself. As for center-of-rotation C of the 

arm 

pumping arm 33, providing in a drive chamber is preferred. 

[0036]Since the surface of the cam 52 contacts the pumping arm 33 intermittently, the period 
only until between the compression phases of cam rotation operates and blood is [ drive 
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mechanism ] full of the blood chamber 20 even in such a case operates. In this way, the blood 
pump device 1 0 carries out pumping only of the blood with which the blood chamber 20 was 
filled up between the retreat phases of a cam surface. Thus, the movable plate 28 is separated 
from a servo motor, while the blood chamber 20 is full, and moreover, in addition, it moves up 
and down continuously, without carrying out pumping of the blood chamber 20. the case where 
pumping of the blood chamber 20 with which this is not filled thoroughly is carried out -- the 
film of the blood chamber 20 -- ** -- better or ******** occurs -- and -- or the pressure of the left 
ventricle is prevented from declining superfluously. 

[0037]The sealing seal of the center-of-rotation C of the pumping arm 33 and the drive 

arm 

chamber 18 can be covered and carried out, and the SHIRUBE rose 38 for keeping away body 
fluid from drive mechanism can be formed preferably. The end caps 36 and 37 can be 
established in which end of the SHIRUBE rose 38. The end cap 37 of front sides has the 
opening by which the seal was carried out to the circumference of the pumping arm 33, and 
the bellows portion 35 leads to the drive chamber 18 through this opening. As for the 
SHIRUBE rose 38, producing from titanium is preferred. The SHIRUBE rose 38 is an important 
characterizing portion from this enabling the component parts for energy conversion to have 
lubrication fluid of abiosis compatibility, and corrosive hard steel being shielded from the salt 
water (saline) environment of a human body. By forming the SHIRUBE rose 38, a possibility 
that a gear, a bearing, and a motor may corrode can decrease greatly. The corrosion of such 
parts may be generated when body fluid diffuses in the drive chamber 18. Although it seals the 
drive chamber 18, if the transfer to the movable plate 28 is possible for the SHIRUBE rose 38, 
in addition, it closes the mechanical energy of the servo motor 56. The bearing made from the 
hardened steel which operates about five years or more under protection lubricous 
environment, and a gear and other parts can be used now by the sealing seal of the motor 
drive assembly being carried out. It is desirable to use the parts made from hardened steel 
from the ability for it to be efficient and transmit the power energy inputted into an electric 
motor to blood work by the bearing made from hardened steel, or the rolling friction of another 
gear and motor driving section article. By approaching center-of-rotation C . , and 

3XIS 

positioning the hardware for energy conversion (a servo motor, a reduction gear, a cam), it 
becomes possible to miniaturize the whole drive mechanism more, and it minimizes movement 
induced by the SHIRUBE rose. After all, the sealing seal of the drive mechanism can be 
carried out now more practical. 

[0038]By forming the envelopment bag 105 made from Polymer Division in the circumference 
of the blood pump device 10, as shown in drawing 2 and 3, it is preferred to provide the 
surface which adapts itself to the organization of the patient who surround the blood pump 
device 10. It is preferred that this envelopment bag 105 is surrounded with the pumping arm 33 
and the movable plate 28 at least, and an organization is made not to be involved in in the 
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operating space of the pumping arm 33. elastic deformation is free for the envelopment bag 
105, it is boiled under a state which differential pressure does not produce the upper part and 
around the envelopment bag 105, and moves with the movable plate 28. The envelopment bag 
105 prevents and carries out growth of the organization towards in the field of this 
envelopment bag 105, and it prevents beforehand connection of the pumping arm 33 to such 
an organization. The blood pump device 10 whole can also be stored to envelopment bag 105 
inside, if required. 

[0039]Even if it is which parallel or in-series blood flow composition, the blood pump device 10 
can be operated without making it synchronize synchronizing with the heart 1. In synchronized 
operation, typically, the blood pump device 10 discharges blood, whenever the left ventricle 
contracts. The timing of blood discharge of the blood pump device 10 is controlled by detecting 
the degree (QRS) of electrical activity of the heart in case the left ventricle discharges blood 
(contraction). When this degree of electrical activity is detected, the blood pump device 10 can 
discharge blood after the time delay preset immediately. However, as for blood discharge of 
the blood pump device 10, it is preferred to be carried out after the left ventricle finishes blood 
discharge. In asynchronous operation, the blood pump device 10 often discharges blood 
regardless of QRS. the time delay back by which it was programmed for example, after QRS 
signal detection in alignment mode as for the blood pump device 10 -- or it contracts after the 
stimulative pacing pulse of the electronic control body which carried out the implant. In 
asynchronous mode, when, as for pumping, the position sensing device 39 detects that the 
blood chamber changed into the fullness state mostly, the electronic control body 200 may 
begin, for example. 

[0040]ln asynchronous mode, it is desirable to operate the servo motor 56 at a comparatively 
fixed speed, and to minimize the reaction force and power loss relevant to acceleration and 
deceleration of a gyrating mass. As for the speed of the servo motor 56, when the blood 
chamber 20 starts each blood elimination phase, it is ideal to adjust so that it may be mostly 
full. If revolving speed is too slow, the blood chamber 20 will expand before the start of a blood 
elimination phase, and will restrict the inflow of blood. This has a possibility of heightening the 
pressure of the left ventricle superfluously. On the contrary, when revolving speed is too quick, 
there is too little blood volume discharged from the blood chamber 20, in order to flush the 
inner surface of the blood chamber 20 appropriately in each cycle. When revolving speed is 
too quick, the amount of power losses by friction or viscosity becomes large superfluously. 
[0041 ]lt is the blood chamber 20 at the start time of each elimination phase, and one means for 
carrying out optimum control of the motor speed so that it may be mostly full is illustrated by 
drawing 27. The curve 100 expresses cycle movement of the cam of the output shaft of a 
reduction gear. In the position shown by the line 102, the cam 52 is drawn thoroughly and the 
pumping arm 33 is in free floating at the time of the peak filling position being filled up with the 
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blood chamber 20. In the position of the line 103, 180 degrees rotates and the cam 52 
compresses the blood chamber 20 into the maximum via the pumping arm 33. The blood 
chamber 20 is freely full of the blood sent from the left ventricle between the blood inflow 
phases shown by the line 104. In the blood elimination phase shown by the line 105, the blood 
chamber 20 is compressed by the operation of a cam and the pumping arm 33, and the blood 
from the blood chamber 20 is sent out to an artery via a blowdown valve. The lines 106, 107, 
and 108 show the relative capacitor of the blood within the presumed output value 20 from the 
position sensing device 39 which detects the position of the pumping arm 33, i.e., a blood 
chamber. Before starting the blood elimination phase 105, it fills up with the blood chamber 20 
when the revolving speed of a motor is too much slow thoroughly, and the line 106 expresses 
the situation of coming to restrain movement of the pumping arm 33, only when the cam 52 is 
the position 109. When the line 108 has too quick the revolving speed of a motor, at the start 
time of the blood elimination phase 105, the blood chamber 20 accepts it selectively, is full, 
and shows in it the situation where the cam 52 comes to restrain movement of the pumping 
arm 33 only at the time of the position 111. Motor revolving speed is adjusted properly, it is the 
blood chamber 20 at the start time of the blood elimination phase 105, and is filled with the line 
107 nearly thoroughly, and the cam 52 is the position 110 immediately after the start of the 
blood elimination phase 105, and the situation of coming to restrain movement of the pumping 
arm 33 is illustrated. The contact position of the cam / pumping arm expressed with the 
numbers 109, 1 10, and 1 1 1 of drawing 27, respectively is easily detectable because the 
differential coefficient of the beginning of the output of the position sensing device 39 becomes 
negative. The revolving speed of a motor can be adjusted to optimum by raising rotation of a 
motor, when the contact detected in the detection value of the contact position of a cam and a 
pumping arm as compared with the ideal contact position 1 10 is too early, and slowing down 
motor revolving speed, when contact is too slow. 

[0042]ln the synchronous mode, the blood chamber 20 synchronizes with a QRS signal, 
receives the blood between the contraction phases of the left ventricle, and, subsequently to 
between the expansion phases of the left ventricle, discharges blood. The epicardium from the 
former or endocardium ECG detection, and a pacing lead can be provided between a patient 
and the electronic control body (EC) 200, a cardiac cycle can be supervised, and operation of 
a blood pump device can be synchronized correctly. The time between the output pulses of the 
pacer between the detected compound QRS signals is used, and the revolving speed of a 
motor is controlled so that a cam and a pumping arm end one perfect cycle for every cardiac 
cycle. The phase to which the motor position about the detected heart cycle relates is adjusted 
so that the blood elimination phase of the blood chamber 20 may be started, when the 
abbreviated half of the heart cycle detected when the left ventricle begins to have expanded is 
passed. 
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[0043]A defibrillation electrode is provided as 1 component parts of an in-plant system, and it is 
controllable by EC200 in order to send the therapy shock for irregular **** or the defibrillation. 
The battery pack which carried out the implant can also use a part of in-plant system, and by 
the time it is re-filled up using this battery pack at the time of necessity, a blood pump device 
can be operated for several hours. Usually, the electric power to an in-plant system can be 
obtained through endermic energy and data transmission (TEDT). The battery pack which 
carried out the implant and in which re-restoration is possible can provide the electric power for 
an in-plant system, when it may re-fill up using this TEDT or the electric power supply by TEDT 
is not performed. 

[0044]An electronic control object manages operation of a motor driving body based on the 
signal received through a pumping arm position sensing device, and arbitrary ECG detection / 
leads for pacing, the rate response heart rate control for optimizing a CHF patient's 
cardioassist -- and -- or the physiological sensor for providing control in an AV sequence 
pacemaker form is incorporable. many of such patients are afflicted by the insufficient 
condition of the chronotropism -- a rate response — like -- and -- or AV pacing sequence 
control may be needed. An ECG electric wire is combinable with an electronic control object 
via a terminal block. A terminal block can be used also as a connector for a defibrillation 
therapy electric wire. An electronic control body is operated by a TEDTS subsystem or the 
electric power supplied with an internal battery pack when the electric power of a TEDTS 
subsystem declines. A TEDTS subsystem comprises a belt for holding two coils which 
positioned one side in hypodermic and with which it positioned another side in the outside of 
the body, an external battery pack, the battery pack of this outside of the body, and a coil to a 
patient's drum section. 

[0045]Another feature of a blood pump device is changed into hemodynamic energy for 
mechanical energy to attain pumping of blood. As for a step number fundamentally, required in 
order to transform the electrical energy of a servo motor into the energy for blood work, 
minimizing generally is desirable. There is inefficiency which produces the loss for every 
conversion stage in each of energy conversion. In addition to minimizing an energy conversion 
step number, the efficiency of each conversion stage must be maximized. 
[0046]The flow diagram of drawing 28 shows the energy use and efficiency in each of a blood 
pump device and related system configuration parts. As argued previously, there is efficiency 
relevant to the stage in each energy transfer stage. If it explains in detail, 3.15-W electric 
power will be supplied to the motor 325 from the internal electronics 320. Although the 1.57-W 
electric power which should be sent to the circulatory system 350 remains in the pumping arm 
33, the blood chamber 20, and arbitrary heart valves after letting an energy converter pass, 
this means that conversion efficiency is 45%. Considering that it of most devices which can 
compete is 10 to 25% of range, this value can be said to be high for a blood pump device. It is 
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thought that what is depended on using the mechanical constitution parts which are not sliding 
frictions and probably produce energy loss by rolling friction has conversion efficiency higher 
than usual. The energy of the reduction gear 330 mainly produces a loss by power loss by 
friction at a bearing. Similarly, power is lost through a bearing also with a cam / pumping arm 
335. Sealing seal-ization of the energy converting device is bearing the important role on 
efficient-izing. Hardened steel or steel "for bearing" which will corrode energy conversion 
device hardware under the salt water environment of a human body by being isolated from a 
patient's body can be used now. The component parts created from such a material have good 
endurance typically to the consumption caused by rolling friction. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a fluoroscopy perspective view showing the blood pump device which carried 
out multiple connection into the right thorax. 

[Drawing 2] lt is a fragmentary sectional view in the axial direction which shows a patient's 
thorax in the position shown in drawing 1 , and the blood pump device between lungs. 
[Drawing 3]lt is a fragmentary sectional view in the axial direction of the blood pump device of 
drawing 2 which illustrates the situation where a lung acts as a flexibility chamber for a blood 
pump device. 

[Drawing 4] It is a section top view of the blood pump device of drawing 1. 

[Drawing 5] It is a fluoroscopy perspective view showing the blood pump device which carried 

out multiple connection into the left thorax. 

[Drawing 6] It is a fluoroscopy perspective view in another mode of the blood pump device 
which carried out multiple connection into the right thorax. 

[Drawing 7] lt is a fluoroscopy perspective view showing the blood pump device which carried 
out the series connection into the left thorax. 

[Drawing 8] It is a fluoroscopy perspective view showing the blood pump device which carried 
out the series connection into the right thorax. 

[Drawing 9]lt is a fragmentary perspective view which illustrates the inclusion situation of an 
arterial blood pipe. 

[ Drawing 1 0 ] It is a fragmentary perspective view which illustrates the inclusion situation of an 
arterial blood pipe. 

[Drawing 1 1] lt is a fragmentary perspective view which illustrates the inclusion situation of an 
arterial blood pipe. 

[ Drawing 1 2] It is a fragmentary perspective view which illustrates the inclusion situation of an 
arterial blood pipe and a left-ventricle tip part blood vessel. 
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[Drawing 1 3 ] 1 1 is a fragmentary perspective view which illustrates the inclusion situation of an 
arterial blood pipe and a left-ventricle tip part blood vessel. 

[ Drawing 14 ]lt is a fragmentary perspective view which illustrates the inclusion situation of an 
arterial blood pipe and a left-ventricle tip part blood vessel. 
[Drawing 15]lt is a partial side cross figure of a quick connector. 

[Drawing 18] lt is the side cross figure in which the quick connector of drawin g 15 carried out 
partial ****. 

[Drawing 17] lt is a perspective view of the blood chamber composition made from Polymer 
Division. 

[Drawing 18] lt is a perspective view of another blood chamber composition made from Polymer 
Division. 

[Drawing 19]lt is a perspective view of another blood chamber composition made from Polymer 
Division. 
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K>Wffzu-f^r v yy^mz^msa%2 i com®. 
*°yn§s„ 

^frffSrif 2 oojM?$*°y:r£iB» 

[ n*ii 2 4 ] Miissia^'T^ * 9 o -^mmffifc 

[|f*H2 5] Ty^fV-Zr^cOtfmmWtK 3 

[ it *ii 2 6 ] «is§ga^i*n! o y/^t*®:^ 
ft * * ffsRiR 2 5 cojMifcJ? y y°mw . 

[ If *If 2 7] 7'7^?y -^^SlSS { 4-9 

coT^ y — ^r-v* #atv > t n &m 2 6 cossam^y 

£Tffifi^ffi9ttf7^Slf:tiI2 0«iS,lfy7g 

a. 

[ff:Rlf2 9] r-A0)&SSE<ffc£*taiU lflL?tf-¥ 
yAftojfa^*&t>m#MiM<^&< t 

[ff*iR3 0 ] r-A«^raiestcP 1 9^-5-ridift$ 

T- 1 1 5 if 2 9 jfli?£;tf y 7° mw. . 
[ if *n 3 1 ] fis^ yiwawa-fe y^s-fttriHi 
ii3 oojujapK^T^a. 

co — gp^tcl?? 0 ^^ts«iti»y7is- 4 yy 
7>b Lfc*^, iM$*°y b y LT!$^»r y 

ft^Mffci oT*MtS*L*m*^2 0 «M#y/g 

a. 



^ffigp^H^y-/^s^.n-xgpwtLr. t-a 
« A-r s co * mitt h <n -xsm it a tea $ if 
[ff*jR3 4] ^u~xum>®m is-iv $ if ^ 

JI3 3£0Jfil^*fy7°^B« 

sfctf>cD-f yr^y h ite*>*^§MWte*ig 

[i**3H3 6 ] H^y7'gKfiILlolIft 
y^N'co, ^&-< t hAn&TfftncoXi&bcDi'— )V&&.cr> 

R^®Mtfm&#yy°tmco°im&ftmizm ^^tntc 
o iz^&&mmzmz^T\^hmsM2 ocoms. 
tfyrms, 

£ t =5r v ^ i a £^ g ffiT-fe S if^JH 3 6 ojtoifc-K y 7° 

mm. 

mim3 8 1 jEffitt^M^^yystcLT. &m 
mti&m&t -yycomizm-tzibcDimmmz 

^T"v > s if 2 0 tojflLM^y^a, 

yr^y h-f-^- tco-ct ijnaw? y^ssirc 

a. BBB»*aV»K> 4 *°y 7V n>7 y> ^ J 

b. sKyratij-KiSft Ltzmmtcoskm^-^ y^z t 
t, «s»t«-^ss5issffi^)Anav{f}p*w-rsffifii 

ttcojflL^-f--ry^ s >'i:. 

totoiaf - ^ y> W-^-< t fc— ^F«Mt:» D-S-oTft 

d. as 1 (J5JBaiav+iaBii4J'*^rt- *iiw5r < ^ *> 1 
r-Atc lt . mm 1 cosas^Kjrp- b tt*, 

e. w^-vyA^^ra$ar-A^m2^s^«§ 

LTJflL^^y^s^ff^-L^. JM?g*fK8^*iiL*C 
^yby^§-ttsig«i««h, 

f. IEt&^^yv^SSPS.U ; 'T-A^2^ffig|50jSlH 
Si^— ;l^-4^n— xawtctT. T-AiOb^-y hjl 

JI3 9 0jfli?g*ryr^a. 



(4) 



fflPP 1 1-285529 



im&L4 1 ] mmm*. 

a. fflf'Mtti:. 

b. immco&lzk 9 WCA § . 7-A«®2 to® 

7-th^—J—b. 

M*JB 3 9 OJfil?f ^yTSIB, 

fflfcSMttU flit** 1 , sKS't^ffgtfrtefiT-A* 

114 1 0«t°y7« 0 

[ff*if 4 3 ] ftbttefleairfc . 7-ac?>®2c7)S§is 

K7 'J ^^*5e(c*trSlH»B4 2 OJfiL^yT^B. 
[lf*iS4 4] ^-^cWjfflfc, fl&M»e>Kffl:*j«i 

Sr^T'V^f|*Jl4 4 CDjfiLffctOT^B. 

cii*ii4 6] 7'5*^u-^ f ^3ic<ojeaaat& t , 3 

[ If *IR4 7 ] SBftSdBfttrtfli u y/^tsst^ 
[IWKB4 8 ] 7?*? 'J -^««IM4o 

a. 

[If*H5 0] r-^<OCMB^£«HiU A*?-* 

fcset-avtTv »4 it *js 3 9 ^jm^vtsiBo 
[ft*ii5i] r-Ao4>iSHaBfcK outers 

T" t "> 5 If *JR 5 0 cOJfilJflE^y 7m& «, 

[ M*n 5 2 ] aa-fe * 
£!f*ii5 i»jii^>-T^a. 

[»*H 5 3 ] »««^#»JJS^$nfiOffi»« 

ffl^jflL^y-r^a^^riljgp^PBl^^as ft&v ± a 



it. 

[|f*«5 5 ] feH«#, R&Ha0>«Hfc£E*j££ 
SB. 

[ff*il 5 6 ] »[4o«^^ yrttz LX , 
^'V^IS*>I3 9cojflL?M°>-r^ao 

[ft *ii 5 7 ] mmcoffimmzm&i&te^&tztbcr, 
wmt b h i mmmrnt £#$-£TOSfi 

<ntoffixy7$im:&mte4 y7y y h^h z t , 
b. flWE*J«5r < b t> 1 "J^Wmmn^ti: < b t> -mt 
£ , W^IJ^f-ffliJflMi: mzwm-t 6Zb IfiV ^6£olz 
B<7>--Mftl l zM<0'&hltXQSfc#>L. 

b, 

}£. 

[|f*«5 8] c. «]^^oj4i^>-rsat»M 
t^fia-fey-t^^co. jl^-v >Acr)^< 1 

*>£Whc\b. 

S Mt^T"V^I>ff*iI 5 7 ^S^WDHII^tJflLfflESffi 

i tmm 5 9 3 itm^- * y> wrsw , 

a. jflL^-v wWsKyey^ft**iHfrt4fc«>fci? 

b. {aa«-^w«^co»wst&ftff-ri. z t . 

b. 

d. zoLtzncoft^nffi&izm^Lximm^zmm. 
m-^bim-t&zb. 

e. ^"^m^ML^yr^a^a^sr. nmm^-bm 
mm^bvmcvmzttMLxmwL. omm^msm 

[0001] 

CIMH<OM^-&SE«f*SF] *IMH{±HRt:>f ^5yb 

[0002] 
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[0003] 4>^£(4, >tmmm\tim.foh^±'tAWk 

T. COttitl.) (itt^S^'Q^JflLffi'J v Wl-SHI 
T$iJ5t$ix, 'frffift (JJTFs C I b fcSff-S ) J4C Offi 
£##tf>tt£iffi« (J£TF, BSAtti«) "CHsL-fc 

^Kj^^. 0-3. 5Tft h . C 0«4Htt-CI44Sii5. 6- 
6 . 5 U «y MK * LT l^ht 

ttC Iffi#1.5*^2.0<9*&£-"C&S. COffij&*te#3.27 

^£&m<o*te. C Iffi(41.75. *^)'Mfflfc (&T, 

fiS*{±¥%4lS y y -y N;WT"£>£. ;»f%tMai 
(i. CI #'3.25, BPMj&^OcOii^cO^ttcOT^'t^Jfil 
i»Tfc476$ y y •/ h^tJfiHUfcW^fcilSSi^T^ 

[0004] ^Dlitfoi^yr^fcsv^ifc^a (i^T. 
LVttWS) tt4AP# (*«#> fc, ftP# (A 

iO-CMitil P# SrMLTff LtfcStLT A»J»; A 4 . 
fe[>S«ftfc;3Ij$JE J42~20mmHg (JST. TUo— Ffcfc 

«470— 140mmHg ( J£IT" , T 7 * - n — K b h ) 

&k&mmmi±&mzmk-t&. ztitfi. ace mm 

[0005] ^W=3:flSMfJ»^!gffi-f-S-«tW^K 

(4. ^r^'m^^t (jar, iab 

tzMzmv^tlh . *H#I^lg4,733,652-f-&V|3ll|3,6 
92, 018^tA*ieife§ix6 4 5 tc. * 5 lAKfico^ 

-s> ,sii± . 'kwmmiz&km % nm* h mm zitztnz 

-H£fg££*U fcSV^i^tftfO^tSSS (NanasfHKOl 
988^cOKorraosl987 ) #<#^ k =5r 4 . I A B A f£ff J^K 
{4. ?Sl^c9<>y HfcJDaft^*«es»Oftft«5R4^^yW 



[00 06 ] JRtttJtJfliJR^^tr^t-SJtftfiOlStS 
S#*IB^fI1F^3. 553, 736^-^15)^4, 034, 742-^A-? 

£SBL*:#£*U#& («ftfFffi4,195,623^-&t/ 
13)^4,245, 622^-) . 

[00 07] *H#l i Flg4,630,596^^|5llg4,051,840 

S ISff * LT v . ; OgSi4^W«ffl £Wm 

Bjl - ••/ h {4B*eo#: W=ffiB 3 #U ' * -y f - {4*1*W : 6: 
BP t *} . i ^iJ^J^WiSM^ < yfti n{4'40ml 

(7) i^^ t- A fc {4MAW^®^ W7 ?^x-tf-Yiz£h^ 

t . yM'wjMMl{4SIK=5r^ ^> 

commit. rtvttmim£9kfrt&ti:ib0>x.vt'£& 

®~t h y 5 y "J b =5r -5 T l * S . * - X ( 4#S 'J £Rtt § n 
4. ¥#WW^>'«»3iatJ r JR«|{4. WMfteoitt^ 

mwmi. k> i>i&^^mjjb Lx^y^mm^ 

[0008] 7RBI#I i Fl|4,938,766-f-t{4. WiUMZtz 

toMErf-* w&WB*h z. b mmztiz . KlM^T® 

*ll#f^4,938,766-t^4il«\ 
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[0009] ^*BU»»ctJJt*iaSf!KVty^4fC«« 

L . f^i^-£«x^K-tIi»t 4 v 
fccorabi. *BH1*fl : flS4,091,471-^tcli, hn-f h'SE 

#BB^f&4, 250, 872^(4, MEEffliWftfcJ: 0 
EffiS ft £ ^ u-x^-fftftco* v b° y -y y> 
*s£ft£a i^BWfffftfWfyty^-f-^w^i, ±tc 
dfyty/ft >-vs'M^i¥$ cD^ifrfc*-3\vc#r:y try 
^f-Y ^^c0ffiB*W»f4 . Itlg5, 089,016-^ 

V t? >• ^ * >v * £ ffilB-r 4 7n-x )V-m$L<r> hn^f 

ftl>^ tt«>-ey^JMtS. L^L=5r#'^ 
iSri*!fc:i*lHTR6n*i'3(rf4«o* t Wa U\ 

[0010] FrazierftflCDtiijfgLfc^ffi ( Curculation,8 
9:2980-2914,1994) ,&t/McCarthyfl&C9tiJjig LfcSSK (An 
n Thracic Surg, 59: S46-S51, 1995 ) fcJ4^«, SJigPflg 

-s.jfliM^yrsH^'fe»^tLS . zconm^yay^ 

•9. *4v^l±*--<0llM6n-;k-XrA|ifl|tBI(i^-4* 
51* — * fc: J: ») K16 3 . 4> ?K y h° y 

tii. . ^"-f ? ^mmmwttj&mtf- b at tx* 
mzmMzti&zbfrk. tfyeyf^^y/^mmz 

■fcmtk Z b HfiTft h . *HPH*FiS5. 569, 
f-YWC^SWtffc, B'J<7*gW^-Y>"A (JilT. VDCt 

& »?t s ) (ciemik y t y ^ $ tt h *s % mm b mm- 
zcoskm^yymmhtfc. m& 
^yy^mcrmmm b m&t txn&x/m u<n&#- i- 



[0011] RamasamyffiO^lfi (ASAIO Transactions, 3 
5:402-404,1989) £(4, JftKKrttESSiX, 

mzx vym&i-^yrt&yj- 3 ?? y^itmmmmb 

flTf h tztb [z , r-f ^ 7 ^ A^Jtofflffl? Mil "I £ AMJE& 

jesi**** . mmthm^m^mmmm^w o axv 

« « * n ta^ . # y e >- ^ ^ v^' * ?hap» 
WMbmtLftKxitt^K xyvyy^y^z 

t L fcS!HH^)fc*)»ttf - ^ ^ , -?-L"C, 
4 1 W 7 > b t^Hf- ^ yA'jfe 4 V ^4 V D C L 
fcf BfH»ffl[&ffiffl-r 4 i b tfEMXtlt . Frazuerffi 

co^ittiBtt S ix4 jK y tf y ^'f - -v y^ <(i , Z^>t°yt° 

y?^-*r yrf&&>b&iRS&tp$>0>fflei&&i't , swam 

[0012] 

[f&BJM&Liofclh&IljS] »?*Lj;3i; 
-T4ilS«. RBE-T4lt^aJifti:*t:^fc:-f yr?y 

ZbOTZ h . +^rtc/jAM«JfilM^yT^BtcM-ri>ffl 

Mco^-^y^coMixco-f-^ ysWMcohcoX'&ti. tzh 
^<Dtz^m2(r>^^y^!&mb^^X'\i^M. 
mxyrmwL&m-r & z t xh h . »^ l «t 3 1 -r s 

Mtcfi!lOlSM{4. ¥ff^fe^«i:(4*fHS^^ N ^ftM 

'Cf^f: "it^i" x^hbwm^tinh. 

[0013] 

b^m%mm#yy°%m±. #yywftb. mmmm* 
mrt^mm^ y^b sr^rrs -jyyzis 
M%h« xyy°m%\imm>h\^i, xyr^ity? 
izts&tz zbcox^z? -v 7i«7k- h atwr ft o 
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tS^yty/r-A £tgf£ L#. b y^T-AO 

i: e^-y hwm&mzWL>ottmztfye>7' 

7-A»«^ A?*® t la^tiffitt L . *ry b° y ^ 
h-y/T-AwKlWi^i/- h teste-*-* z t 

JfiiiSf-v^'CwajPflflrKJi, Ml 

S 4: *f y b ^T- A j&qmE rfbd, , ip *> . L *Pal 
LTb'*'7 hSUrtS. itfyby^T-A 
sObtf-y J; 0"STWTU— h^'JM^-v yA£jg 

^* . m&^yymu^mru- h mzmizm k> & 
mm. tzh&-fti-ry^$:mzmi&'&mfetf%< 

/I'ffl co^RM^ o-X»tt £ ffiSftf - -v y ; y b 

-/i^sss, zb%< ismth fc»«o#a*ii9W«. . 
[0014] li^y/gfro- gfrfr«^&&u±£T 

sth*. mmzMvmKMwmmzmmzit&zb 
a*-?**. &mm±, wmfi\km^yrmm.<mmm j rt 

fc*S**i4<Z>*fcfi&.iW-4. Mf-r^^cofflSt 
Jfiti&f-r yrtft&W$M.WMViti. JfiLjRf-vy 

HBfrT^ S T» 4 fc S - ^3SK & M» L T # y Tff 

msftja-fw-ifcfefcffiffl-*-* £ t a*-c# & . m^y 

7°§§ati«« &f?§ JSCtS >f y h § . fS 
peDAlJfiLl^ AP&tXffiP^WcfiOT-TS £ b tPV 
mP#-i-y£I^±ffAtt»tt^U AP 
MnittkMMte m^Uz) W&LXft 
P*— jl— Utc#* l-3^fttlft{tft*»&4V^i, £'l>S 
(LV) coHglit; (Tfrfc) K#U AP&lftfiPO* 



[0015] jlia&Ky7«K<ojHEtWllW«fc«><o» 
o*v^|tiBSii*S-«r4fc«>o % ^y-;l- 

m^Ayv^yy-thzb hx^h. iQJifcECG* 

E C G»flSrjgffl LX . >j£mX'$>tLlfm.%cr>>bm$:'<- 

yyf-t&zbhx^z.* < it'^mmm 

^-S.V-f'-^fE»yx-rA (OT, TEDTStW 

jkT^jMtmm. mrf-mfflfoizmnztL& , 

5 Agg t fflitf- 9 *HJm W(ci»4 fcfttettffl-*- 
L/tyXT-A(±*ffltrFm5,630,836-^- 

tclBttS ft..l> . *^ ffiOflf* W ^ -y -f y -ias«T E D 

»fls<0y ^ -y t- 'J \° -y ^ *M y T 7 > V is X fA Sr^B# 
[0016] 

tz. H l j&» 6 H 7 Ctt^>f y r ^ y h ^TTfg^JtM^ 

Mn a n . Miam^FMWft (OT. ECtfc«r^«) 2 0 
0. A'.yf'J-A",? 2 1 0. TEDTS2 20b^Z 
aPEJJS-^ $ v ^ 4 . JflL^xK y r^B 1 0 (i^Mti 

miRtfm5t,ztewmmco^ mmfsx'&m&mm 

h« jflLM*°y7°^ai oii, mftz<nmmzy~r^wr> 

a fcsaw-ii t ict o , jfiiM^yr^a 1 ojiM 
mmzm\^z&mfz£>&-'&cDi>cDb%<o . s!««ofc*>» 



(8) 



fflPP 1 1-285529 



4. 

[0017] ffigcoS^JtJR^yT^B 1 0 Sr. H2 

ffiwfifflifcffifi-f s i k s . JtM^yrsa i o 

&Xm<f-ryrt2 0 t£B&^-Bf:JflliKf-W^2 014W 
ffi ^JdLJS^VT^a 1 Q<7)1Z.#><?>iZ.b7t-&1-f->rt 

tfxftm ttz ax^ - v y ; n'^^ t -r & » 6 <?> 

ar-b yy y ia*wwafi»A*ts tiifc&ii?* . * a 
ar* y^y t mnmfcm&xfc k> , 2iw#*;h. 

HfS!««Bf fc"C t» -Y y 7° 5 y h § *vft 4 t> 4 . * 

so?t46 . Jtfc^te^-v y> <ZMfoi?yy°%iWT-t y y y 
«W:*>*tt(!0jiiajKy7«ircji>f 5 y h $ft4« 

fc-f-s TWtf. f^t, *%HJ(i:S'J»^^ 

yyy «t 0 fcssuwtT-o tsiaawwc**. 
tools] M&ft(?>msaa*&mLxti*>»&*ftz 

m\ mm%\ftn&7iii7<^mzmfrX}5:^tfrt># 
y uy yrfttsmti tz^mmmmmmm^ 
*<o— 3rc, /it>^tt^-^y^'tM-ri>^tt^ 

gco&4^ n a n ^^vv^j|\,^ t (if 3 ittin. 

jnsi!jf^7«ii*fijaw*. mstfyrmmmstoft 
mx\ >mt,zmK>^x®ittzjmtz>imTm4 &a 

[0019] ti^y7"Si 1 0 tfcL H7at^ia8fc 
t-cs*. fM*^^^M«ffij^a. m-hvADURm 

Wfctt, HI. El 5, 06tc^J:3fcM*fl«|i8T(c« 

'DSisas** 4> stoMtfy y°mw izmj^t & . «*o vda 



se-oT, v ADcom&ftyy°mm i i&m-t& t zn^co 

nffi;i?yrsa^i&Pi-r£ tjfiiffiits««±a 

att«. «t-jh^±® i 0 iz< < ^4 . #0 x, mmtfz 
ti, JfliS^y7^a^w* Lfc^f t, M?iJ«fi5;t Jttt 

fcV * 3 4 <t a fcfcll^OlIgB* 1 0 £±3 § ftS 

1 3&»<a . jflLjt^°y 7°gaiSPtB#t jnus^y r^ai^-cjt 
«ffi«*FJtti: . mm' yrmm.co aj panri^ tc^^ 1 o 

s i ^±aasssT-b y 7- y gp t $ ti& . m^l 

s. U*»u=3f3&*4>, S^J«^;ojfii^y7^a-eii^« 
co**oA»fl)R#* i Jfii^y7°gacoAP# tLXim 

[0020] ffim&izm^zmKittif&tztbcomkcDm 

fe6«H9s&»iS>Hl 2fc«*S§*i.4. ^7-;lf 

■t&^zm-f h . mmyy°mm 1 0 u 
[oo2i]H9j&»6Hii fciittWHtiK'c^-f yT5 

^/c46(CSM$tLTV^ 0 -tff--fy7,df (satinski) 

^ y yy°imm Lxmmmco l-fe^y^ b°yf-ih46 
±}sbL-fz^y^ny^S:<^mth. <k^x\ mmm 

*^«jftffi^ni^y7°ga^aLTii?ijs^^iuM^^ 
-Set 3 t^ifcA^iiiii^ffift&^ttRspassWii 

[0022] mi 2#»6Ei 1 4 fcu±^«fE-c«o-f yy 
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?>h SifeW^S ix „ Jft3B±^ A»Ii^ 1 -fe y h & 

T^yx^ (satinski) 7?yy°$:mMLTMMm.cr>l 
•te^yhSrty^itabU ^c7)— 7jt\ jifficOKHlRSt 

£ § JfcJKsJ? ^TlEKi . fe&fflH* tup £ *f 4 

y h C9fc«><Z>[MBA>f ^jEfcfcj-?- fe < i^ST*>S . 
[ 0 0 2 3] HI 5Rt/mi 6lZl$ffiMfrZ>cr>?>( -v? 

3^f7-fey7*y80^mi.. o 

CO AP 2 4 & S f>{4 m P 2 2 14 T 9 f- a x- ^ ffig 8 4 
teBr#3ftX^4. «ihfflXU-7'8 8 5rT^^-^X- 
*HH88 4fc]Ri3ftW\ y?3*?m^'J8 
0«?^ y?3MS«^fcib«H5£jfc*i: 
4 . AIM 5 1 1 0 U y^8 6 \,zm-£~fh i fc 

ai^CS & . 533*77 5- 9 2 #£J#flc U y ?"8 6 SrK *) 
-f*002oc0l£ifcffley9 0fr*L,»*. 3cf#ft 
U ^^8 6 7- 9 2 £ <D|fflCliffi»A* 9 4 

*R(t»*. ffi«A*9 4liSJ**'J >7 8 6 t^ft* 
#5-9 2£«|gT"ffili§*u jftihMt:v9 0t=J: 

z>^&wiz{&#tZH&. i±fflty9 o(43d*ffcyy 

^8 6 ftcOJiyL 9 8 rtSrBSft ift-CA § . £f*ft 'J 

8 6 t ^ftffc^ 7- 9 2 b (DfflZiZO- U y ^'8 2 £ffi 

flK-iitfc-C**. o-yy/82ii$fiM7-9 
b «ihfflx U -:/ 8 8 b c7)|SICJiJ5iJ<?)0 - U y^8 2 £ 

^fr-ty/u 8 oi±M(:»Lty-;^fi§^, ? 
A -y 9 =J * 9 9 T -fc y y U 8 0 W T ? f - a x- ^fMffigB 
CiiT^faX- ^P1M84 t , AP* i ff2 4*l>V^4 
tBP#«2 2i:, 0-'jy/82t, ££ihfflxy-:/8 
8£;i&*-£-£*U>. ;M 7^3^^7-1:^80^ 
WB^&f^Kft*i3Mr, iP^AIjfilWl 10fc,« 

t . O - y >?& 2 i: iHtt tih . JHS: £IR L , 

y 9 o ^«ihfflx y -y s 8 cdjitl i o o tsi-r. 
T&m&zmmzit. ^a*»*5-9 2*iistKfirrtifcig 

K § -frT telhffl t° y 9 0 & igitfflx U - 7" 8 8 coil?L 1 
0 0«031»fc*&r)T»»S-fr4. m&P&T-ttb* O 

F*Jf!l£* A** 1 fe y- § ix , *titffl tf y 9 0 £ mm; -t^. 

9 4biz£r)f&z>«&mztis>, mmmTco^A 

3 *r-fc yy y i b s <i > &s» 



T\ XVTim&th Z. b \z J: SttSWTjJsfcSW-f 

[0024] >A"2 0i4W^ffi«tthM^?E 

FF^5, 133, 742-f-^Ktt$^tS «t 3 ^^Ctf5>KU 71/^ 

^fefSR-f-iifc jfii?S^y^*2 0«. jM 

m-htzihammzmvfhwmm?tw&-th$.o . - 
«sw^H««!w»§ft.«4. *h««{4. m&^y 
v s- 2 o <?5*ffltiS£ LTffifn] § titzmmmfr 

»S. L^lffim«<4*ffl#i^®751,839-^;:i£tt 
§n4i<J0-C^0#4o «»'J:.g.^ffi*«#W4. ± 

1 o^fozm^mmuzwwt&critimtLiK 
tf&mmitmL<mm-£%tnz±y), axuhpw* 

2 0{4^*e<JtC7n-x;l/-St0igltff^^*L, Mffi. 
[00 2 5] Jfflifcf-TyA2 of±-e^e#, mtwttt 

mmmkit^L. wmnwix<mizim#yy°mw.i o 

Mi«f, Ell 7^^H1 9Uim^> 
3&HO*ar*flBK**fi^S*i.*. HI 7fc*4Jliaf-YW« 

£ . »i5t(|Jtai?ije^(C3i^-f-£*Mi«-C''(4Jfll^f- J r 
y^'tiHi 7fc^S*L4«>tfDfciMR*^rf-«><?5i:5r*. 

Hi 9^^-43^ APatPfflntfflstcniiwtR: 
. iwtewtitjiisai t^s'M«Ti4its^^ yA2 

0{4. 018 izffifFct %>£o 7 v—XJl'—McO "7 
Mix^fli^TftfL, Jfll?g^y^s-2 0i4ifefc:«HLfcE 

y ^7 u 9 y & fe n#-s» . 

[0026 ] 02 0^feE!2 6*#B^4t*S6HHfc«! 

ostaM#yy°mm^£ti. •tfyy^vyyi 3tf? 

vntmft l 5b, Itfty^ 18 4:, MU^^y^ 

20b. wmmmb^Lx^ . itiitii^ye 

yy'T~£, 3 3 b, *\m?°V— Y2Qbif^±fi.h. 
yrr^-jy^ 1 3b. #y\?y-?T—J* 3 3b, "5TiJ> 
ry-h2 8t;(4^:T^-^y^fe«^n»0*W L 
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# 1 5 rtttiflBfciW-* £ t #"C# 5 . rJ -y r^Sfl* 1 
5(4. Il*fcf-vyA2 0WAP2 2S.U f ajP2 4C0^a6 
COfflP 1 6 U#4 . 3 -y T^Rgfcfr 1 5 (412X143 -y 

T^S. nJW)TU-b2 8(4. £0!)»rtt7 , V-t«2 8a* 
ffUtft^.fLSi:^^c?3Jfil?g^yy\-2 OOlfflin 

yrgai ofcj^e^yr^yKTiKiRLTH:, ifit 
i^y^ii i o <mwrrv- v < t 

( 1 6 ft 4 4 3 fcfMBWrt ScoWiLn. 
h(c4 l 9»5(4. b 2 S^M^^ytyy 

T 4 fcftKEI 2 60 3 tMSrf 4 4 -5 tSlti tlR 
LT , nTSHT h 2 8 £ St^KrT 4 £ t § 4 
3(c£:l> 0 Jg^ JtoStfyTSBl OOM^tt 
{4. M^if)jto^*fyr^ai Ont&>0)lZ.bMBfr*r 
yA£ LTffffl-r*ii:TlilflrS*iS. 
[0027] 12 lMtXfcH2 37^SH2 4fc^§^S 
4 3tc. ^"Kjr^-h2 8c0^g|5<4, JfiLgtf-ryA2 0 

t-sm^ixhmz^mrv~ v 2 s^mmimizmm^ 

MfilZ nrtftTlx— h 2 8«0T(-&ffMi4. JfilMf-^ yA'2 
4 4 3 te«5i-(W-4 4 . Jfc«** >a'2 0{4 

Bmcovmt,zm.m -t 4 ; t afifimrca 4 ^ § -cs. 4 . a 

4 . JfiLSS?^ yA2 0 COXa 2 2 fttfifj □ 2 4 (4JfiL*K^ 

[0028] aifcwtcii, mttf-x y>< 2 0 zmmitt 
4 fc«> < comm^m £ #jw 4 <#M£#'£ t 

#4. *Hlfctl Jfitf*f-*yA2 0tf>»t4«flHI 
{40 2 3 &V0 2 4 tc^4 3 tc^;S W^t«0#*fi 
3&Kc7)m«T14^ cs^ftiltf 4 i t (4T"£ i fc 

4o ©r^M^y^ ocom^co^ikTtm^^mm 

£fS < WMTfo 4 . 35 2 (c(4 . *%BJ!Tffifflt-4W^ 

{4jtB^ i: mii$m t commfiwwmx'h 4 ^ ^ 3 wtt* 



h28 mnt*?m§.^ ^ y a 2 0 <^ff $ (cfisswfc 4 1> 

Otli 4 t m 3 j5T-$> 4 . i 3 L!tSH*#* Uoojt 
^a' 2 0 fcWtt-J-iUffl&M: 1 :J5r8i»4flM«# 

4^* 1 ^ot/jN§<aom^gBi ] v (S*) 

-T4 fcif UTlBttt^HBS^S o ±ii t^^M^M L 
TJ4. *»4 0 SO r? y b° a - 9 'MMRt/mum ffltf&W b 

[0029] ^.wR<r>m&i-^y^2 oi<&m.m#>-T$k 
m 1 0 <?53»6tf»tfttf ai^£E*fc:jaE5^ tmmmk z 

[s|B#(cg(tS 0 ^-3 Lfcft(fOTif) 

7V— h 2 8 Wi^gE«J^KS.tf Jfil?S^-V VA'2 0 <7)Jf§ 

S i> (JOTS) 4 o JM^°y b° y 4 o T ^ 1 4 
*388«>4fe, JflLiS^-vW^2 0^J¥S<50^^6-r. £E 

4. gt5t, .KOlJSp^KiSg, Jfoj&f-vW* 
2 0 fc Jnfe i Eft ft WJt*: S < * & . jUSf - - v w« 2 0 
* < -T 4 t J±7J t3©H^ 4 JS4J 4 ^" . 

{4, fiffay ; l±Sj^4 4#JE*^2:-'^7>'XSii-S<I 
[00 30 ] iS^S^«R!<:SI5 n a pi4^e^^i4. 

^ffiffl-f-4*° l J'7I/^y^t-C(42 0 otj^^;hc 
[ 0 0 3 1 ] 02 5&V02 6 £iW4^ iBDUffi 

{4, «C"tt4 7*iiiKs-fr4fc«>^), mmmw7oizm 

ISL^mM^tf-^-^ 5 6 ^*T4L<^#4. 

fiiM:*4 7 (4^°y t°y ^r— i» 3 3 t^imrv- b 2 8 

1 5r L T Jffl.« ^ -+° y tr y f-t 4 .1 1 **T # 4 «, if— 

36*^4*1.4. X^-^g|J^5 8i4^^yy^"»J*§ 
tL, n-^g|5^6 0(4«^W4 7 SEMES-frT^yty 
/f«&M§«^iliA^7h 6 2 
4 . 5 6 SMBKflfittE C 2 0 0 (=SgR 

•t&tzibcomjjtr <y 7° 'J y?' 7 9 £!Sft£ £ t 

Jrt^^Uf 4„ -f-^-^ 5 6(4^4^2,000-3,000 
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6(4, W*.(f, #U 7^-TfflCarlsbadOSierracin/ 
Magnedynett^OSit-t 5 »T* 0 =T# £ . ^ - ^=E - ? 
5 6{itt^l20ft<73ajeT'JfllffiSr^>-t°y^"L. JfillS^ 
>-7°ga^T^®(i60— 80ml -Cfc S^fiLH. JP 

JEE^J cotgHT -^J±^j test L T JfitfS £ £ ■£» h ^ S T* 

«fc*«fcfc«[fc:tiV^T*&160oHgTft4. i 3 L^l 

*£*&fflLT, iM^yr^ai ossm^y^2 o, 

3&L»43ISI!0L ^LT. #4L<«*J«ar<i:*> 
5 ^co „ ^ yf-t- y x y u — HftzHTcosv ^»W#<7)5t 

[0032] mmmw7 oimiime 2 ti*c«4 7 i; 

=E— * 5 6O0$K7l»)Srtt^8OS.Vl2O^rBl^^ ? 
/HtfcSEHW-ft, ^R*Jt#25:l?>. B26fc*fca<jS 
J: 3 =5rr 5 U -^+3ft<J5«B(ffiarc* h cotf 
WFt U\ if— * 5 6<7ttB&Clf%o6gg&7 ocr, 

170 offlijtttfo 1 ®iK^'jflL^^yrs« lo^ng 
■vsjiaamtctta** & a*. ^wifc?>«/h 

17 0(1 H2 6(C3S^-i-3*3^l6» (JST. TG 
D t fcliTf-* ) mcDi>CDZ'$> D#l> . %CDmc0Bl£?)*r 

^jmmmmit&m-fh - 1 **trs s #\ tgd (±^t- 
terras. zcr>m£<?>mM.mw7 oummvy^ 

fc#5n&fVO>4. 5g(C % TGDIi JSfSrfffifcStf-r* 
^Wj(BIMJ:0fcil^B.ofiH#T*4. TGD 

ti„ 4 9 — ffltifc 4 =¥'^HKiM« i> 0 4 0 1 W 1 
4--&< . ft^t/M-ftts .r tan^ & . 77^? u— 
W4 4 fflsrffiffl-r s t ^ . * a -r s i t -cm 

**t> -5 t i 0 t-To 1 4^-fb-r s i t *«riB 

[00 3 3] «M^S7 0<9ffi:fctt£fl|'Mll4 7fc|g^ 
tS^t^^, H2 5tft* } ^<^$ixS idle, 
fif'CAA 4 7 (4M®^B 7 0 tc J: 0 MBS y y ^ 
6 8 £JK 0 ftttfc A^gP^-4 8 * * U#£ o 



ey/7-A3 3(4«'C'>W4 7*0«|»fflHfc:«4JBT» 
ftirTS. {B't«4 7{4^>'b 0 y^xetft^yb° 
>7T-M, 3 3 SrlBKl-ri.* 1 '. *°yb°>?"T-A 3 3 {4 
jflLM^A- 2 o fflEM&tit menm 0 IS4i«4W)^$ 

D»-&*A*ij»Mi4 7<7)iQgEtIR0#it^n. ^>tr 

7«Hlfe4^W4C w i; L,T3SS*1.4. 

[0034] *:>-t'y7'7-A3 3f4. -f-^-^S. 

BifttKOftttfcai^iHitetf^cT. - a wffiKt^r 

=5: v u -y * . -srt&r k-h2 8t#yty 
^"t-a 3 3 Sfcto^ry y^fc LTffiffl-r 

ty^r-A3 3 to, ^^Hfc*BIW-4«^>*a5fi^ 
A^ijj©4 5 f: LTfrirt-*. 5 2jWi^C*LhTlll 

iE-rstcMw !Kyey^7-A3 3i4-e<7)Hite4"^c 

-j — u %*'kt LTs 02 2^#i^<^$ix-S l j; 3tJH 
aMRSilS. t°^'>y bi»tl,^yt"y7'7-A3 3(0 

7"T-A 3 3 OHte^'t^^'BriftTP— h 2 8 4 TOEE 
giDjii^AS 2^*H*-C"^EgMJ; "3 i>A#v^*W 
4Lv^o fi'^M4 7(7)^«50b;l'^^;#<4, tf^ yhT 

(Hf-^-^. MjI^B, #A) t»C«4 7f5|lWK 
•9-3 9^iatt-g.^WSLV^ fii-tyf3 9f4 ^Ji 

Hf, tfyey^T— A3 3<?3fitlBEfl;t«iaj-f ftfc»<o 
SKMS-fevirr* >?»4 . ^yty^'T-A 3 3 tociB 

S&fb&»^Jl*'f-YW'«2 0|*I«JfilM<7)ffiMS»Sr^5E 
U ®Q*4 7 ^ A 5 2 <7jfiB^^5g-r h Z. t 

[0035] ^mrv—Yi 814. ^yt'y/7-A3 
3«ffi^4 1 ^]R0ftt1^fc*0#44HWS^K>f V 
h 2 9 Lff-S . sfftrp- h n^m^SCU^^y by 
/7-A3 3COSSP4 lco^fL*M^-Cby3 O^iBB 
■f-Sit^-C^S. itLtciO. by 3 o^'^yby^' 
T— a 3 3 £ nTttry- h 2 8t;fi^-rs o *°yby^' 
r— A 3 3 (4"BTKj7°y- h 2 8 1 iS^STfflrt^fSK) 
■TS^jff* ^ytry^r-A3 3t*lLfc; 

kfciO. TTi!)TP~h2 8{4^aS#. XSiftf^^t 
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t- - a fiSHW-* wTOfcRtt *<nim± U\ 
[0036] #a 5 2«iffi^yey/7-A3 3 t 

Till Oti^A^HcDf^iffiopaiiJfll^-vWS^ o 
A 2 0 £ *° y h° y 4 i 1 4 < fcJiTIW h . 

%tf>\z>yLtiig&. m&^y^2 o?>mt,zM±L 

[0037] A3 3#IJ f IBi&-?- J *->'Al 

ii< iwt* <r t #-e# s . x-;kd-X3 8<7)ftm 

a*7M8*fc:(±*9IMf 773 6, 3 7 * H t tfT 

mjmi!l^SM^-v/r3 7&tfye>7'T-J»3 

^n-Xap#3 S^IEift^^N'l 8fc:atT^4. 5" 
-/KO-X3 8l4f^>'^tffltl.««i 

t**). ttz. m^cnmm^m^x^i^ (saiin 

o-X3 8t±»H-^>*m 8^1-9-)^^, tf- 
if^~ 9 5 6«^MWx^djf— Sr nTKiTU- 12 81; 

fiSc7)^-^saSSE.RiC7)IlIteJ»Mt i o » aa^-^^A 
^iT (-9"-^-^. «3$1SM. #A) £@Hg(t"l>C 

6. 

[0038] iSfl^KOfafflS 1 0 5 £H2&tf3 fc^ 



i 0 . tI^>-7SI 1 0 K) m < t 

t fcjffy t°yxr-A 3 3mMmyv- v 2 sr 

L . ^yfy/r-A 3 3 rafMHattrt-CMlftfiSB 
Si^aotn^'ffSL^ fiiSl 0 5l$W 
WBSGTb <0 , fiHSl 0 5<JD±aRMVtJBHt=IS 
JEE* 4 ^ t=5r^ i 3 Srtt.WTfcfcnri&Ti'- h 2 8 fc «fc 
^ISrrSo ICIt &HS1 0 Sii^SHSl o 5^ 

tl^^Vfy/7- A 3 3 C0?|r>^ <0 Zf,mz 

1 0 5 pmWimti> i i: t * . 
[00 39] M^J^Sv^iiiMco^ixcojfliM^ix^f^f 
35-3Ti>. Il^yrgli oi±^c«i tlejagLTfcS 

fcjUiKfeWUJ'tft. I»y7SSi o«jto»m^^ 
«5«StWStt« (QRS) ittffii-iitfciOWWS 

ssi oiiji«sw«fc<&4Wi:r!/'fey bsa^a® 
y/sn ocojfli?»aj(i, te&ad«jiiiafflpaj**ife 

ll^y/gi 1 0I4QRS i:(±iiM^t'JM?i$S:pai-r 
4. |5]i)i| ; £-KT'{±Jfll^>'7°igai OttWitf, QR 

s m^mmm^Tu 7 ? a § js©©ra<?5«3&»ft 6 v ^ 
y/d fiB-ty-9-3 9^jfiL?^^wW{5S^iK^j 

t^fc;t«U;fci,Mi Wf «^ WMUMfc 2 0 
[0040] Htti^-^-^ 5 6 ^ritK 

[004 1 ] H27ICI1 JfiUS^ J pW?20**#*Mffl 
■TSfc«>« 1 #gb&*W*Sfi.4 . «10 0 i4M3$^B 
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r-A 3 3J4JM£f-^yA2 0#*<75ft*a5*ffi*fc* 
*$*i4R«©i*i¥l!l«JBfc:»6. Ml 0 3*>ffiitCtt 
^A5 2{±i80° nHK$n. ^yey/r- A3 3§r 

M^^iH^fLSJtt^T'g^t^Kt^tLS, ill 0 

jtafflp{ffiBTi4jflaBEf-+ ^< 2 0 ti^As^y 

ty^T— A3 3<OfHI6fcJ: OffiftSfU UL^-vy^' 
8110 6. 107. 108II *:yey7'7-A3 3« 

^yA2 0M?»Ei{ffll 0 5A*raS&^aSJafrK:^ 
K^&iSfU #A 5 2#t£B 1 0 9<7)miZ<7)fr#> t°y 

?"T-A 3 3f«»BtftJlW--6 J; 5 (=5r4«81*3i-r. 
110 811 ^— ?(Dm$Ml&fi i M't BP*>, 
lMf-Ty^'2 O^JtJKSPajffl 1 0 5cr>Mthmfi.Tl$& 
ftffiUze>&3Effi%tl^ #A5 2i4fi»l 1 1 comizcofr 

dfyey/r-A 3 3<o3Mft*ttsit$-a 4 5 

Sr^-To 110711 ^EnBaBB6«jtiEtiBlfS 
*U llfi-yA'2 O^jUJBfflKBffll 0 5»Wat 
«H^^K*»S*ls *A52 **JfllMPaiffi 10 5«i 
feiawfiii lot, ^vt°yi?"r-A3 3 COMBS- 
W3rt & «£ -3 t^rittiatW^ft .027 1 0 

9. iio. ii iX'ZtL ; etiMZft.&*rJ»/#>'e> 
mmm^pjz^i, z t vmrnzmm^-^ <r t & . 

^E— ^OEBE3[JK<4^ A fc *°y Uy^'T-A t cOSffitfi 

■^aiffi^aat^ffiMfis 1 1 o burnt, ^ftsft 

§»M^W#"-i.%^tc{4 ; &-^<7)|lIte^±(f\ gfttb&* 
3l-rr.|.«^r«4 ;; &-^IlISEjSJK^M3I^-|>ii:^4 0 

[0042] IWISB^-K^MlMf-^WS^ 0(4QRS 
■Cfe't^<olWSB<oiat=j|li}K*#Plti'f-S o 0>fc 

?hKfc 4 v ^t&rtME c Gi&ajMw^-y y ^sasr 

Stfctfdfflffl* (EC) 2 0 0 b «?5HfcR(tT't* 
MSBfrffiSiU Jfo^yr3l«W3»K£iEL<|5M£tf 

(4^--9--coajSjy>7^rac0^raSrffifflLT. #Afcrf? 
y KV^T-Afc^&WSISM5t3S£3: 1 9 

't«9--f ^;w^w-r^ : E-^fia«wa-ri>ffi{4. feo 

[0043] HfcffiiinffiS- y y b y xt-a^ i « 



^«yg <y^&SS*^<EC2 0 0(C«fci3iWflWSifc 
3&*T S £ . -Y ^77 y h Lfc' * ■/ f y •/ 7 fc 4 ft: 4 

soy s' - y x ij -y s° - y ? £ ffiffi LT^S^tcS^^-T S t T 

izmm^snm^yy-mm^fm^'t^ ; t #-cfc s . m 

^f-atf-r-^fEji ( TE D T ) £51 LXX¥?& i i: 

^•y?J4. -£0TEDT£ffifflLTB?t;«£*U#. 

\ ^4TE D T\ZXhV^mfemTfoK-*£\ ^m-siz, a y 

4. 

[0044] mTumm±xy^>yT~Mm.*i>*r 
-g»fi^;^'v^T : E-^iEt!j*^)aiE^«at--i>» ch 
'CfifflRM»at«B4 A v y- y- y X6*j&^-x p< - ^ - 

^Cfat§fLTi3D. y-bJS@S^y3.^(4AV^- 

y y i?' - y- ^ yxe^^^jp^® t * 0#s . ecgi 

t/^o -y ^ &^t-C«^MfP*^fe^t-|» 
; 1 3&^# . ^ - 5 t/^o 9 \1Sfflffi8B*Mfn 
tzihco a*??bLT t ffiffl-T S £ £ * S T'& 5 <, Vfm 
®mm$T E D TSf7yXfA lZ 4 -5 T . 1> V ^4T 

e d t s-y-yyxf-A^mtj^'ffiT Lfc^Ktirtat/^ 

4. TEDTSf/yXfAll — ^T*&Tfc, fiU^^ 
-y ^ t . <! C0*^£7)ys' 7 f 'J — ^ •/ fRW? A )V%BM 

[0045] A^^yr^ao>3ijo!ft^{4, «MWx* 
;^-*»*jfli^^y t-yi/^^-r^fttoojtfi 1 ^^ 
x^df-t^m2#i-&cIi:-r-3 E )S. -9-- 

[ 0 0 4 6 ] H2 8c7)7n— ¥A ^y v '9A(4JfllM^yT 
?lP-?X3 2 0i^3.157 -y htfOm^^'ffi^S^X 

4 . x^^-^n^ii Litfi^yey^r-A 3 

3 . JtaEf-^r y^'2 0 ^ LTfiS^'ll*#(-i4. «JS^ 
3 5 0tiH^tl-4<#1.57 1 7>y h <?5«J3&*H -5 T V ^4 

*\ c\mmmmmm5%x'hi>^b^mmth. z\<r> 
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«4, M^-U#^±ffi^a^-f^lO-2 5%C0tgffl 
A/t°yh°y/7-A3 3 5T-i><TU y^ZMLXW) 

saasa^- H^xTSr.m#<7)*3&^i®*e-rs £ t t\ 

[0047] 

[skhosmi] i. mfr&vm&bmz&£izj y 
2 . tfyy°<D-nm±mmm$:mmLTtfyy%zmmi 

tz SWIco^-v w ^cOMft<7>^ *v W ^® CO cOT*S> ^> o 
bi>. tzfofrft<Dtcfccom2co^*ry^%<&gt~t'^% 

LTJtffi^a^coAlDM^ftsmJ; "9 t^fcfflE 

ft LT±ftj^Mizm^m&#yy°mwtf&&zti$> . 

[0®OflPi«?J§] 

[023 Hi^-reaT'o. a*^)jwRatfiiti8it*i 

[03 ] Bf^'JfiiM^y^aco^^co^^^.tt^-vW^ 

bL"Cftmti#gL*9eFrr&* M2cr>am#yy°Mm. 

[04] 0icojfli^yr^a^ifffi¥ffi0T'*l>„ 
[05 ] a^i*itM^jfgint^M^>rga^^-r 

[06 ] *jrartC#?i]fgSiL7 , iJflLM^yTgacosiM 
«T'eo3^fS0T-S)S. 

[07 ] wmwzmsm&\Jzm&xv7iim&Ttt 
[08 ] ^wsPW^ie^jffiMt^jfli^yriia^^-r 
[09 ] »tt«coffl^a^«M&^j^i>^i^i0 

T'$>£, 

[01 0] »J^««fi»5J^L^^«^49i^pHH 



[0in mm^com^^m^m^tmmm 

0T"£>&« 

[0i2 3 »i»*&t^'t«jyiauii^a»a»« 

ft £ flficT ^ SfrfrffflT'S) s . 

[013] aiiRja«a^t^asai5jiii*o«*a^K 
[014] mmimRVtebmfti&mmnmfr&frtt 
[015] ? >r - y ? a ? ey&ftmmmmxfo h . 

[016] 01 5cD?W v?3*?*tf>aiSittBfcL&« 
*-Hfffi0T'f)S„ 

[017] «^McojflLM-f^>^'«jj!c^f^0TS) 

i. 

[018 3 »^»coSiJcoidM^^y^'«)^^^0T' 

[0193 m^mm^ssam^-^y^ms&cr>immx' 

[0203 Am^yrmu^mwrchh . 
[02 1 3 02 a<r>Mffi#yy°^W&Wx. i v-x i v 
xwrnttzmmmxhi.. 

[02 2 3 SUttriftFTtfDtrjK'y hj»Br*ffKrf 4H2 o 
coj!l?S^>-7"^aco«E^fJIH0T'a5-S. o 
[02 3 3 «^McOJflLit5-T y^>!2 2 fcM^Sfl 

gP^ffliW0TS)4„ 

[02 4 3 «^»cojfllSg^^ ^<*<B2 2 fcM^Sft 

[02 5 3 02 OcOlM^Vr^a^lf XV I I -XV 

[02 6 3 02 5^tlI^y7ilMXY I I I 
-xvi I lX'®ML1zWmmX'fo&, 

[0273 m2 5< l z^-rsSBM^yy°mMcofzib^>mwm 
mzftmmmzwmt&ijmzM^rrh ?xhh, 
[02 s 3 02 5\ l z^-twmmm<ntz^><^m^^ j Ty 

7J*MX$>&, 

5 m 

i o foM#yy°mm 

1 3 tfyyjsWyy 

15 n-yTttSfcfr 

18 iBtH-^yA 

2 0 JfoM^yA 
2 2 ifJPSW? 

2 4 AP»« 

2 8 "SmTU- h 

3 3 ^>b7/7-A 

4 3 <r U 

4 5 #Ai£i&g& 

4 7 m>\:M 



(15) 



f*IB¥ 1 1 -28 5 5 2 9 



4 8 A^Sfrfr 

5 2 #A 

5 6 "9-—^—^ 

5 8 Xf~ ^fE^ 

6 0 V—PM-ft 

6 8 U V7*P?Wtt 

7 0 MM^B 

8 0 94 <v7-3^7¥T-t>7 V 

8 2 o-ijy;' 

8 4 T^f-AX-^PBM 

[HI ] 




[07] 



8 6 

8 8 iEitmU-/ 

9 0 #£itffltr> 

9 2 5Ht#:#7- 

9 4 ffl»A* 

10 0 *?L 
110 AXifilW 

2 0 0 ^^Hffltffls 

210 A'.yf'J-^')'? 
220 TEDTS 



[02J [03] [09] 




[01 0] 



[01 1 ] 



(16) 



f*IB¥ 1 1 -28 5 5 2 9 



[08] [012] [013] 




(17) 



#IHT 1 1-285529 



[02 1] [022] 




[02 8 ] 



\KA'J«/b 1.20 7 Vh 


1*1 » 


Iu.20'J*/h 













_5J>0 7^F- 


10.65 7^1- 2.41'^ H 






1 QS lV 






3.51 Vvh 



325— [ 



1.47j/+M£jU 



I 102 j/W^JU 



1.01 



7576 mmHg*miL ?VH$Jl 



345- 



.»E = 7200 mmHg*mL/tM^JU 



350— | m m & \ 



.87 j/ W7JU = mmHg*mL/iJ-<^jU 
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(18) 



fflPP 1 1-285529 
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350 

(72)&1H# ^-x/P ■ Uf-r- H • A-T 

■ tr— K5915, tf-^-tf 
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